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PREFACE 



FOED'S succeaa has startled the country, almost the world, financiaUy, industrially, 
mechanicaUy- It esdiihits in higher degree than most persons would have 
thought possible the seemingly contradictory requirements of true efficiency, which 
are: constant increase of quality* great increase of pay to the workers, repeated reduc- 
tions in cost to the consumer. And with these appears, as at once cause and effect, an 
absolutely incredible enlargement of output reaching something like one hundred fold 
in leas than ten years, and an enormous profit to the manufacturer. 

What is the personality behind these startling results? What are the ideals 
worked out in them? What are the conditions and methods in the shops where they 
have been secured in regular evcry-day operation? 

The story is told completely, practically, and graphically in the pages of this book. 
It was begun at the direct suggestion of the editors of The Engineering Magazine by 
Horace Lucien Arnold, who has never been aurpa-'^aed for clear vision of shop matters 
and clear description of the things that are of value therein. Upon his death, with tll^ 
story still unfinished, in January, 1915, the work was taken up and completed by Fay 
Leone Faurote, who carried it out loyally in the spirit of its inception. Both authors 
worked with the direct co-operation of Henry Ford himself and of the Ford engineers. 
They had full access to the most intimate data of every department, and unstinted 
assistance in the preparation of illustrations and the compilation of figures. In the 
volume now presented the pages are re-arranged in sequence slightly different from 
that of their appearance as a series in The Engineering Magaziney so that the work 
of the two authors is to a certain extent interleaved, chapters IX on sheet-metal work, 
XII on special machines and fixtures, XIV on body finishing, painting and upholster- 
ing, and XVI on safeguarding the workmen being from the pen of Mr. Faurote, while 
the rest of the book is Arnold's. Notwithstanding this divided authorship, the work as 
a whole was carried out with unity of purpose and singleness of viewpoint, the re- 
arrangement serving merely to present the entire study in a somewhat more logical 
order of development. 

To the manufacturer, manager, or engineer confronted by the problems of mechan- 
ical production this exposition will excel in interest and value anything of the kind 
heretofore attempted, not only by the intrinsic quality of the text and illustrations, 
but by their expositiiHi of what is up to now the final word in efficient, stAndardized. 
T^ietitive production. The Ford product represents the limit of spedalizatioa in a 
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single type, of which each part haa been evolved from practically unlimited aervioa 
t€st3. But while it thus deals with the production of interchangeable componenta, 
embodied* so far as manufacture is concerned, in semi-automatic machineiy, and 
turned out by progressive processing and gang assembling with specialized tranqvorti^ 
tion, it has very wide application in other lines where similar practice can be adopted 
in whole or in part, with similar advantages to puTchBser» worker, and consumer. 
Wherever standard articles are manufactured, some part> and perh^» the most 
important part, of the Ford policies will be found applicable. The manufacturing 
world b indebted to the great manufacturer who gave his methods and poUciea so 
freely to public description, and to the knowledge and conscientious care of the authraa 
who have realized so fully the opportunity afforded them. 

Charles Buxton Going. 
New York, October, 1915. 
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CnAPTER I 

THE GENIUS OF THE PLANT 

BEYOND aU doubt or question, the Ford Motor Company's 
plant at Highland Park, Detroit, Michigan, U. S» A., at the 
time of this writing is the most interesting metal-working estab- 
lishment in the world — because of its size (something over 15,000 names 
on the payroll); because it produces one single article only (the Ford 
motor ear) for sale; because the Ford Motor Company is paying very 
large profits (something like $15,000,000 a year); and because, with no 
strike and no demand tor pay increase from its day-wage earners, the 
Ford Company made voluntary and wholly unexpected announcement 
January 5, 1914, that it would very greatly increase day-pay wage and 
would at the same time reduce the day-work hours from nine to eight. 
The Ford Motor Company is under one-man control, Henry Ford» 
head of the company, holding 58j^ per cent of the $3,000,000 capital 
stock; and it was Mr. Ford's own initiatory proposal to augment day- 
pay largely while reducing work-day hours from nine to eight, with an 
entire disregard of the commercial features of the situation — simply and 
solely with a view to the increased happiness and self-respect of his 
workmen* and in the face of Ford Company dividend reductions made 
" Ford bonus " announcement, as first published in the Detroit afternoon 
papers of Monday, January 5, 1914. 

1 




Henry Ford, Master of A^airs 

Cb«nw1or fttuiknU wilt [k ialerntnl in compariiLg thb prufik- wiili ilir full face sbown i>r [m^ n 

Employers of Ijil^nr the world over burst into a tomd eruptioii of 
deuuncifttory comment aver tlie Ford bonuH as si)on as it became 
generally known, giving no Iiccd whatever to its stated cause — a dcsirv 
to belter Hic condition of day-pay earners by wage increase, and to aug- 
ment the number of day-pay workers by shorteuiag the work day from 
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Looking La-:r DoAa Oie M;<]die o( the Plant 

vktt it Inkoi from Jobn R Stml, ■ml s\i"Kn 1Ih< nnr liv frtnrv tjiiiUinti» «fi lli? rij^bt 11ir< Lnttinf 

inc hours lo citfht hours, nil as j^ivcn out by (he compnny at the time 

W lir»t fliiiiouuccmont. The Ford Motor Company turns out one 

llioiisaii<l aiilomohiW per ility aI it-s Tll^hhuul Park plniit; hvo other 

plants, one at Ford, Out., Cannda, and oiie at Manchester, Kn^Und, 

brinfi the total Ford cap-producing rjipacity to at least I. ^00 ears per 

F'''*y, and the rompnny has a \vorld-wi<le sdhng and s<?rvicc organization 
bkh eit»iures the sale of it* ears up to pruduetioti capacity liiiut. 
The volume and growth of the bu^iticsh. are most strikingly shown by 
a ^mplc tabulation of the conipauy's gros» m\cs for the pa^t eight ycnrSt 
the tigures below being for the fiscal year which ends (}etol>cr K 

1006 «l,*t»1.6ii« Hi 1010,.^, $16,711,«00 \^ 

1907 A.77J.h:,I :^H IDll 4+.<nil.7<i7 i:* 

1908, 4,70L'>!IH 4^ nil** «,477,«77 *^^ 

19C0 tp.on.iyo.55 loja so,ioB,«Hr« 

1907 wa« a panic year. The sales from October 1 . 191:?, to February 
181K ivere $«(i,81 KHW,W, an increase of *H,u:n.t>01.:ja over the 
imc period twelve mnnthA ago. The expaa^ion ha» followed closely the 
ilaeingnf more sales a^ent^ in the same territory, giving eveli HgL'iiL lesfi 
terrilor>" to cover From Uiese figures of astounding growth, better per* 
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Power House, with 5,000 Horse-Powet Gas Eiigin« 

Tlw abac slAUtlLitjC hull ««/ tfock on Ihf n^hi g\vi-it an iUcH o\ t»t« 

tiap?* tlian any othrr form of statement, one may realize the prnhletns 
the ^'hnp'i h:ivr hjid to nieel to fill niilpni tlerimmU. 

Besides these altogether miiisual indu^triitl and eommereial featmvs, 
the Ford compniiy has gouc into thcrmo-dyiiamics on origiiiat lines by 
intitiiUing a 5,000 horsc-puwer gas engine, the I<trgi^t yet shovrn, of its 
own de?»igii. to drive l)ie Hi>;hhiiid Park plant. This hir^e engine, luid a 
smaller gas engine, of tlie same general design as the large engine but 
onlj' 1.500 horse power.drivinganSijQ-kilowattdynanioanda^.OOO cubic- 
loot air eiimpivAsor, now r*ceupy the floor of the present power liouse, 
single floor and basement, as will be *jhown fully in later ehapters. But 
not content with this impressive gas-engine exhibit, the Ford company 
is now aelively engaged in (enlarging the power-house grounil plan and 
gi\*ing it two additional floors to make room for no less than seven 
motors with gas producers, "regenerators" and steam boilers, all 
based on an entirely novel scheme o( heut soving, original with 
thid company. 

The top floor of the enlarged and remodeled power bousw will carry 
SII.OOU horac power of gas producers and C^ODO liorsc power of atcam 
boilers, c<>nnet*led by ''regenerators/' which are entirely new ilemrril;* 
in beal-saving; the second Huor, 10-fuot eeilin^r servi^ for ash-hiindUiig, 
while the main floor will carry seven engines, the present small gas 
engines of 1,500 horse power, to drive the present 850-kilowat,t dynamo 
and '^,000 eubie-fnol air eomprc-.vsor, and, in aildition. five eomblited 
steam and gas-engine units, of O.OiXi brake horse power each. The idea 
of combining steam cylinders with gas-engiue cyhndcrs for heat saving 
is entirely new> j*o far as now known to the Ford engineers. The dimen- 
sions and urrangentent uf the***- five new eomlnned steam and g:is engines, 
all alike, are, gas-engine side, two 4-eycle, water-cook*d cylinders, tan- 
dem, pistons 42 inches diameter by 73 inches stroke; steam side, tandera- 
cuni|H.iund, high-pn\ssiire pistons, 3(5 inches diameter by 75 inches stroke, 
low-pressure pistons C8 inches diameter by lit inches stroke, both sides 
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to work on llic one cmnk-^inrt, each comhin<Mi Ka-** ""'5 steam unit to 
ahow 4i,(N10 hrakf^ horte power. 

The ^as-prfKlij*-(>r-ivg<'n<T:itor-^tpaiii-lj«iW romKiniition and work- 
ing scheme are confidently expc<'ted to fomu when ccjuiplctvd, Uic 
most ecoDomical heal-cnginc pkint ever shown. 

Tlie entire coat of theses lllglilnnrl Park [>owcr-p1iinV rLangos anil 




Urilling Screw Botes la 4 Cylinder CastLo^ from Four Sides at Once- For^-Nino 

Holes in One OperatioiL 

Ab fleorllniT fitmiiTr of Ford (m-Tf'*i>-^vria1 »fnihJiTii..riiiitkr Trniehiotty. 9i?rv«| liy vtal4kl1lfd 

"'oup-juU'" UkiI (tfiuU-n 
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additions, incliidint^ everything, nill be something like a million and a 
half of dollars, showuig cimcliLsively llial Uic Ford oomjHiny doc-?s not 
he^itale to follow lU own conviclious ha to what U the corrti'l thiu^ 
in the way ot plant -drivmj: eu^^inc^. 

Again, in thp matter of low labor-f^>st production, the Pord company 
elects to pay <hiy-\V3i^os Iiistciul of working il-s mvn at pi^'Otf rales or on 





Looking down On« Side of Tool-Making Department 

The FcaI l^liuat w^t TtorLiiig 047 toul-]UHb?r» ttlwu ikm picture uu Ukicii. l^cbrtmr^, lOlt 

the premium plan; and, as the Ford plant profits arc lar^c while ttic cars 
are low-prienl. tlie Ial)r>r r<xoi»p*?ii^e 1^ of much iiilrre-st. 

The Highland Park plant has a gray-iron foimdrj* believed to be 
belter equipped for time saving and low-cost production than any other 
foundry in the world, and has deve!ope<) a machinc-shfip system ot siih- 
dividiug worknictrs duties which effects very Uirge hibor-eosl savings. 
It has applied team work to the fullest extent, and by this feature in 
conjunction with the arrangement of successive operations in iJie closest 
pnjximity, so ait lo minimize transportation and to maxiiniKe the pres- 
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TeaA Assembling ^nd Mechanic^ TnmsporUttloa of From Board and StQ#riag Gear 

contviror ihtiinTi 4Wvr. rountin^ ktdf nnil rrf\)nlin^ LU own nuDilHrr ai il pum oiit. 
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sure of flow of work, it succeeds in maintaining speed without obtrusive 
foremanship. It works on a single unit assembly for sale and on only 
one production order per year, keeping the stock of components con- 
stantly between dose hmits through the use of '^shortage chasers" 
reporting at two-hour intervals — all as will be explained fully in a fol- 
lowing chapter. It has a machine-tool plant, largely of specialized 
construction, which cost $2,800,000^ works about 240 tool-makers and 
50 special tool-and-fixture draftsmen in its tool and fixture-making 
department, and today employs 40 wood-pattern makers and 65 metal- 
pattern makers in improving its own shop facilities. It has installed 
shop lines of overhead transportation in various forms not equaled else- 
where, and is improving its already superlatively excellent metal-work- 
ing plant so rapidly that Ford-factory methods are more than likely 
to be changed before the description is published. Lastly, and quite 
the most notably of all, the Ford company is willing to have any part of 
its commercial, managerial or mechanical practice given full and 
unrestricted publicity in print. Therefore these disclosures of Ford 
company means and methods for production-cost reduction and profit 
ensuring will be read with deep interest by all students of metal- 
working economies the world over. 

The Ford Highland Park plant is the direct result of the thoughts and 
desires and fancies of Henry Ford's own mind and the work of Henry 
Ford's own hands; hence a brief sketch of Henry Ford's life is not only 
the most befitting introduction to these revelations of Ford plant prac- 
tice, but is absolutely indispensable to a full understanding of the Ford 
Highland Park plant — the establishment, its efficiency, and its colossal 
commercial success- 

Henry Ford's Own Story 

William Ford, of English ancestry though born near the town of 
Brandon, Ireland, and bred a farmer, emigrated to America in the year 
1847 at the age of twenty years, bought forty acres of the two hundred 
and forty acre Litogot farm in Greenfield township, eight miles west of 
Detroit, Michigan, and began as farmer of his own estate. He found 
favor in the eyes of Mary Litogot, married her in his thirty-fifth year, 
and later fell heir to the Litogot farm. Six children, three boys and 
three girls, were born to the Fords before the untimely death of their 
mother at the early age of thirty-five years, and of these six children the 
eldest was Henry Ford, born July 30, 1 863, who grew to be a slender lad* 
unlike either parent, with a passion for mechanical construction* 
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Tlic In>v Hi'nry l4N*rin'<l li> read antl write at homr, and hcgan to 
attend school in 1 he town of Sprin^ells^ a division of the original town- 
ship of Gnwnfidd. when between wven am! eight years ot a^je, walkinfj 
Ihe two and a half miles hetwern the Ford farm ami tlir scboolhouse 
tmoe a day through the winter sehoul ivnn^ n»d work-iujj on Ihe farm 
(which he dctcstetl) through the summer limes. 

Henry Ford's mnid and fi\tio>' both drove him to things mechanical, 
whik* lii'i Tilhrr wtNlti^rl liirtj tn lnv^nim* ;t fjinncr, tiie rrsnU lifirig tliaL 




SphngwelLs Township School House 

the boy decided for liimself that his schooling was completed at the age 
of sixt<x*ii. and thftt he would not be a farmer and would he a mechanic. 
Following the hent of his irresifltililc inclinalinn towards things mechani- 
cal, the boy Henrj" lefl the farm, against hi-s father's commands, went 
to Detroit- eij;ht milea eastward, and entered Flower Brothers' machine 
shop at apprentice wages, and at t-hc same time Wgan to do niphl work 
with a watch and jewelry repairer, McGill, wlio had a little place at 
Baker and Twentieth street*- On iJie farm, before leaving for Detroit, 
the boy Ilenrj" had a shop of his own jiatheririg together and huildint*, in 
which he had a vm\ h bow-string driven lathe, and some sort of a 
forge, ami lie m;ide liimself a competent country' -side repairer iu general 
ofeveiytbing which came in hi^ way, so iJiut he fell easily into his night 
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work at McGiirs, as he did into his apprentice duties at the shops. 
Flower Brothers were general machinists and steam-engine builders, 
working about 30 or 40 men, and here young Ford served for about 
nine months only, leaving this first machine-shop job to enter the employ 
of the Dry Dock Engine Company, Detroit^ Lake marine engineers^ 
building steam engines exclusively. They worked 200 hands and had the 
largest machine shop at that time in Detroit. 

At the end of his two years of Dry Dock Company service Henry 
Ford, aged nineteen, felt himself master of the machinist's trade as 
practiced at those shops, and he left his job there and took service with 
John Cheeny, State agent tor the Westinghouse portable steam engines, 
built at Schenectady, New York. His position was that of "road expert," 
going out to set up new engines of 10 to 20 horse power, to give instruc- 
tions to purchasers, and to make repairs. This was a summer job; and 
Henry Ford, never idle for a minute, put in the two winters of his two 
years w4th John Cheeny in his old shop on the farm in Greenfield, where 
he had a forge, vise, and upright driller, and a hand-lathe, foot-power 
driven, together with a varied kit of hand tools that enabled him to 
build almost any small-size machine that interested his adventurous 
mind. During these two winters Henry Fordj twenty and twenty-one 
years of age, w^orked most of the time on a farm locomotive, mounted on 
mowing-machine cast-iron wheels and driven by a single-cylinder steam 
engine, piston about 4 inches diameter with 4-inch stroke, with gear 
reduction to the rear drivers. It was not designed for any especial ser- 
vice, tlie idea being to make it serve as a general farm tractor. The 
gauge was somewhere about 48 inches, wheel-base about 72 inches. It 
had a fire-tube vertical boiler, and the machine ran well and pulled well 
and taught its youthful constructor many lessons that can be learned 
only from the experience of a young mechanic directing ,the labor of his 
own hands in constructing new machines of his own devising. During 
this pericnl he also ma<le many experiments with electric machines. 

At the en<l of two years' work for Cheeny, Henry Ford's father, seek* 
ing to win bin sfin fn>ni the degradation of things mechanical, made him 
a pr<\s(*nt of 40 jurres of hind in Dearborn township, two miles west of 
(m*t^nf 1*4(1. Thin 40 wtcm of lan<l was largely forest — maple, beech, oak 
ami bassw'Hid and youn^ Pjjrd l>ought a circular saw mill, rented a 12- 
horjw^-powcr portable engine to drive it, went to work for the Buckeye 
HarvcHler ('ompnny McMin« up and repairing "Eclipse" portable farm 
cngiiie.H in the HinrumTs, and ran his saw mill and sold lumber winters for 
two years. At I lie end of ]m twenty-fourth year, Henry Ford, being now 
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a landed proprietor and a lumber manufacturer, happily married Miss 
dara J. Biyant, bom and raised in the township of Greenfield, Michi- 
gan, but not a schooknate of her husband. The issue of this marriage 
was an only child* a son, Edsel Bryant Ford, bom November 6, 1893. 
Immediately following his marriage, Mr. Ford, feeUng the need of a 
heme, used lumber of his own sawing to conatract a bouse, SI feet square 
and a story and a half high, on the Dearborn 40-acre farm, moved into 
it with his bride, and also moved his private machine shop from his 
father's fann to the Dearborn farm; he sawed lumber and sold it, did 
scKne forming, and b^^an building a steam road-carriage to fill in his 
leisure moments. 

For the chassis of this, the first Ford passenger car to run on com- 
m<m roads, an ordinary buggy was taken, and equipped with a single- 
cylinder steam engine, piston £-inch diameter and d-inch stroke. The 
wpeed reduction was double, a belt from the motor crank-shaft to a 
sprocket shaft and chain from the first sprocket to the differential-gear 
sprocket, with divided axles to which the rear driving wheels were fixed. 
The gauge was 56 inches and the wheel base about 60 inches. The 
steam boiler for this road carriage was the same puzzle to Henry Ford 
that it has been to eveiy common-roads steam-carriage builder from 
the days of Cugnot, 1769, to the present time. Boiler after boiler 
was built — water-tube and fire-tube and fiash designs, all with high 
pressures, from 250 to 400 pounds. None of them was entirely satisfac- 
tory to their designer, who finally concluded that the steam engine was 
not the best driver for a common-roads passenger vehicle, and aban- 
dcmed this, his first and only steamH?ar, uncompleted, when he was 
twenty-six years old. At the same time he gave up his life as a farmer 
and lumber manufacturer on the Dearborn 40-acre homestead, obtained 
jemployment as night-shift engineer for the Detroit Edison Illuminating 
Compai^ (twelve hours out of the twenty-four, from 6 p. m. to 6 a. m,, 
at $45 per month), rented a house at 58 Bagley Street, only two squares 
from the Edison plant, and began Uving there with his wife, bringing his 
machine shop from the Dearborn farm and setting up his tools in the 
bam of the Bagtey-street residence. At the end of three months the 
Edison Company began to recognize the value of the new engineer and 
raised his pay to $75, and at the end of nine months promoted Henry 
Ford, who had in the meantime showed much ready skill in making 
some eme^ency repairs, to the position of chief engineer of its main 
plant at $100 per month, which was soon increased to $125 per month, 
the limit wage. This chief engineer Ford drew for the seven years he 
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held tlieposilion; he lived in the Bagley -street house, was supposed toba 
on duty during llic entire twenty-four hours of every day in thcyear.and 
put in hh days a1 the Rdi^on engine room and liis nif^hr;!^ at the Biigley- 
street house and his private miieliine sliop in tlie Barley -strt-el bum- 
In thnt bnrn shop he built llie first Ford gas-engine- driven passenger 
ear. 

InhisovkTi narrafive of [liis ^venyeiirs. wbieh tonklum tnlhei^feof 
tliirty-three, Mr. Ford did not spwiFy his hours for sleep; he simply said 
tliat he was In ^oo<l health and did not sleep very much during those 
seven years of double duty. 

The B;ii'ley -street Fun! esir motor whs two 4-eyele ga^-enirint* ej'lin- 
ders, plaeed horixontally ^ide by side, water -eooled, pir^tous 'i'fif diameter 
by O'-iach ?«troke, nmke*aiid-breuk f^purk ignition, with poppet vulve^, 
J^-iufh diiimeter JiiUikeand 7i-ii>eh diamelerfxluni**!. The wlieels were 
wire spoke, !J8-ineh diiinieter front and rear, with rubber tires, 1^-ineh 
gauge and 60-inch wheel base. This motor waa eooled by thermal cir- 
culation between the rj'linder jackeU and an open-top water tauk. 
This first Ford ear was placed on the road in the early part of 1893, ran 
wclb and eould do 45 or ^ miles per hour. 

In IKllj Henry Ford bei^an hi-s second gas-rneine-d riven car, 5S-inch 




Thp Bagloy Street Batti Whcnr Fgril Built His First Car 

ThU ttbi nul ItH^ tuT vhirli i« thn lnuii uf tht \trftfiti induftlr^. but n prtdtwaof 
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Heary Ford's First Gas Engine — Kston i Inch DUmeter by 5 ladies Stroke 

It V* ly'tn^t'ti ihf ilnwiiitf liivinl hi KtWI Ffryunt FtmlV riKiiriH i>]irriiiif iiff llpnry Funl'ii |irivilit offirp 

gauge. H't'indi wheel base, wirr whrtrls with rubber tires, motor two 
cylinders opposed, pUions 4-inrh diameter with 4-ineh stroke, water- 
cooli-dj 4-c.'yek*. with a lever and ratchet hand-start from the driver's 
scat. Thin was placed *mi the road in lyOH- In the same year Mr. Ford 
left the Edison eoinpany 3cr\'icc and the Detroit Automolnic (Company 
WHS orgaiii/ed in exploit lliis o[ipM^i.'d-(.'ylinder ear It liad W50.000 
cnpital »itoek, of wliich Henry Ford held one-sixth and hi« (salary was 
4^101) per month as engineer in elinr^'e; 9lt),(HHf eu:«h wu^ paid in and two 
or three ears were huill. 

Henrj' Ford left tlie Delroit Aulomohile Company {which afterwards 
beeanie the Cadillac Automobile Company) in HXH, iKni^hl n shop 
hnildin^ al HI Park Phiee, norlh of <^lrand iliver Aveime» movetl the 
tnohi from his own shop to llii_s new plaee, Hn<I at once began l}w eon- 
fltnietion of a new motor ear, e>'linders 4 by 4 inches opposed, ^8-ineh 
diameter wire wheels, j:au^c 50 inches, and ft^Hneh wheel base; this waa 
on the road in 1002. Mr, Font bnilt thiii car without a!ViiKlHiiei\ having 
money eoougli of his own to finance the construction, and promptly 
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organized the Ford Motor Company, capital stock $100,000, of which 
he held 25^ per cent and in which he held the position of chief engineer 
with $2,400 yearly pay. Twenty-eight thousand dollars cash was paid 
in, and the commercial model, the first "Ford car" known to the world 
at large, was placed on the road in June, 1903; the first Ford car was sold 
to a purchaser in the following month, July, of the same year. The Ford 
Motor Company was highly successful, paying dividends from the 
beginning of commercial operations. 

In 1906 Mr. Ford realized that he could not carry out his own clearly 
defined policies without absolutely free control, and, the Ford-car repu- 
tation and sales being well established, he had no difficulty in obtain- 
ing money to pay $175,000 for enough stock to bring his personal hold- 
ings up to 51 per cent of the entire company shares, which gave him a 
free hand. Later, he paid seven for one for enough more shares to bring 
his personal holdings up to 58}^ per cent of the present $2,000,000-capi- 
tal Ford Motor Company organisation, which 58}^ per cent is now the 
sole and undivided property of Henry- Ford himself. 

Here, to those who can read between the lines of this briefly sketched 
biography, is the whole story — the farm-bom and bred boy with an 
irresistible natural inclination towards mechanical construction, gather- 
ing a shop together on the farm. His first metal-cutting tool, fashioned 
from one of his mother's steel knitting needles, broken in two, shaped to 
a cutting edge, hardened by heating red hot and plunging it into a cake 
of soap, and furnished with a roughly whittled wooden handle, was 
exhibited by Mr. Ford while giving these items of personal history, as he 
sat at his table in his room at the present Ford factory, working 15,000 
hands, with a machine-tool equipment valued at $2,800,000; the farm 
boy and schoolboy becoming at the age of sixteen a skilled repairer of 
everything that came his way, from watches to farm machinery, and all 
this (much to his father's disapproval) without pay, for the mere love of 
doing things; the home-leaving for the drudgery of a machine-shop 
apprentice; the c^uick changes of employment as soon as one shop had no 
more lessons to teach him; and, through it all, his ownership of his own 
workshop, from earliest boyhood to this day — the self-urging to work 
day and night — and also through it all the constantly appearing passion 
for mechanically projKrlledvcliicles, from theboy-builtfarm locomotive to 
a thousand Ford cars a <lay at the Highland Park shops. Always his own 
master, no matter what hi^Hcrvice to others might be. Obsession? Fate? 
Luck? Genius? Whati'vcr the word may be, certainly a Ufe to one end, 
and a suprenie su(k:css resulting from an existence of supreme effort. 




Above, FoM's Private Office. Eelow^ His Secretary's Room, to Wluch fDr a Time 

niter the Bont^ts Plan Was Announced, a Tbousand Letter? Asking 

for Positions or Finencia) Aid Came Daily 
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Henry Ford: A Character Stddy 

Henry Ford^s character is extremely simple, and extremely easy to 
read ; he is perfectly frank, is wholly self-reliant, is extremely affectionate 
and confiding by nature, is absolutely sure he is right in every wish, 
impulse and fancy, places no value whatever on money, and has a pas- 
sion for working in metals and particularly for devising and building 
mechanically driven wagons to run on the ground or on common roads. 
His sense of humor is keen and he is ready to touch with his hands the 
men whom he likes. He has no sense of personal importance, meets his 
factory heads on terms of absolute and even deferential comradeship, 
and because he had, up to about his thirty-fifth year, an intimate per- 
sonal knowledge of day-wage life, his strong natural impulse to aid his 
workmen and bring some chance of happiness into their lives takes the 
form of increasing day-pay and shortening labor-hours of his own 
motion, without waiting to be stimulated by demand from others for 
such action on his part. 

Mr. Ford is by nature a comrade; and this, together with his sense of 
humor, leads him to smile often and much and to enjoy a laugh at his 
own expense, and he is rather inclined to under-rate his own abilities 
and his own achievements. Socially, he likes men, especially young men 
and boys, and has a deep affection for wild animals and birds and flowers 
growing, which leads him to dislike to see animals or birds in captivity, 
and to dislike to see flowers cut from their roots. 

War, battle, killing, and bodily mutilation are all alike abhorrent to 
Henry Ford, who lives a live of absolute freedom himself, following his 
own desires, fancies, and impulses with utter and absolute disregard of 
the opinions of others, as do all artists and originators and men of 
achievement- 

As to literature, Mr. Ford may be said to have no literary tastes or 
inclinations whatever. He cares nothing for fiction, nothing for poetry, 
nothing for history and very little for scientific works, but has a strong 
liking for epigram, for short sayings which say much and include sharp 
contrasts. He abhors letters, and will not read a two-page letter through 
if he can possibly avoid it, 

Henry Ford was the first-bom child of two ardent lovers of mature 
age, both children of the soil. He was a child of great and absolutely 
faithful and constant love, and is therefore what he is, a strict monoga- 
mist by nature, strongly inU*rcsted in homeless young boys, of whom he 
cares for a considerable number at Dearborn. He follows his own self- 
imposed tasks without one thought of looking back, unconscious of 
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Henry Ford. A Character Stucty 

obstaclos in his clioscri path and careless of reward al the end of his 
labors, fio ilial he bul follow his ideal and reach the |!oal he has »et 
for himself. 

In person ll<>nry Ford is Full medium hdght. spare, active, goes bare- 
headed, perfectly healthy; be is wholly self-rellant» a law and a gospel 
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Main Hospital, Ford Works. Dr. Mead, SuTKeoD-in -Chief, at the Extreme Right 

to himself, a man of incredible capacity for work with his own hands, 
juii) govfriifii in his social life I>y a de<^p sympathy for all free living 
thirj^s and espmally for youn^ things. 

Henry Ford's rightful Cout of Arms \s a file? and hummer aroused, 
with a glowing heart above and the motto "1 love," "1 build," mtd " 
give/' ill the side and boUom spiu.*e, 

Bdng what he i;* liore said to be, what his biographical sketch nhows 
him to be. and what his birtli inexorably delcrniined lie .should be, Htmry 
Ford 19 an iiiva^iilnr, ;i en-alor, a nianler mind witb a vivid imagination 
wlioj^c dictate** he follows relentlessly; a generous comrade, making 
9tronjj: friends and willing servants of those whom he takes into his con- 
lidt-nee, (|nick to prnisc Uie young men who arc his factory aids and who 
rtre constantly eneuurnged by liiiii in Ibeir strun^ly individualized and 
highly flueecfiftfi;! eilorta towards brin^^ing the Highland Park phuit to 
that condition of Itk'al Kfricieitey which is the ncvcr-to-hc-fully -attained 
amhitiun of tht*; competent rac:tor^' manager at large. 
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Mr. Ford, tiaving perfect health nnd digestion, car«3 nothing for 
food» is never fatigiie<t, doesi not use lohatvo in any form, has no liking 
forany stinnilaiil,andeHlsI)ut lwoniealsad;iy;ap[inreiitly iievtr knows 
fatigue, listens willingly to others, decides qinckly, ami of two mechan- 
ical devices chooses intuitively that which best suit^ the desired ctid. 
be it of his own suggestion or another's. 

Henry Ford as a FACxonv MAXAGEfr 

Save in the broadest sense, Mr. Ford has never been the innnagcr ol 
the Ford Motor Company's plant ul Highland I*urk, From the very first 
showing of the second cnr, 1002, np Uj the present day, Mr, Ford's ener- 
gies and those of his immediate a^^sistanU^ have been directed wholly to 
three principal objects: first to the production of enough cars to meet 
purchasers' demands; second, lo making car improvmncnts; and third, 
to means for distributing can* and instructing and assisting Ford car 
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buyers hii«1 u^'1% iu ibc jjropcr viiw txnd iiiiiiitigL-mcut uf their iiewl 
vchicl^fi. The general sclieme of the Ford Motor Compuuy's operations 
hoA been largely ot Mr. Ford'3 origiuatiou, but the details of organization 
havr bc-eii carried out by olliers. So far a.i ii, close observer can discover. 
Ford himself had no premedilations, but acts wholly upon inspiration. 
In reply to a direct question he diselatmcd any systematic theory of 
orgiinizatioii or adniiniKtralion, or any deprndcnee upon .scicniilic nmn- 
a|{enic]it,itnd st^^ined U} lay emphaiiis wbully u[)ou ihe jx-rsouul equatiun. 
As he put it, "I know what kind of help I want and T look arouud until 
I find the man I am sure will give iL" He has thus built up about him- 
self not so niiu-lt aiuir^Hiiizafion asa^iUifTnf aifle?* — idl ranking n^t^piatsp 
none in command of any one department, all ranking any titular depart- 
mental hcadt each mgcr both to meet any suggestion Ford advaticeji or to 
vobmleer suggestinns for his decision, each as likely as the other Ixi be 
put in charge of any sliop-bctlermeut idc-a Ford may conceive, because 
he observes no diseruuination in lines of service- Tliis alone makes the 
Ford establishment imusual, to aay the least, in its direction, It alao 
nuikes the establishrnenl his own fib^ohitely lliroughoul, though, as he 
said, leitiua'ly looking out of his office window, "I have no job here — 
nothing to do." 

Thk IJaph!* of Ford'a SrcxTEas — The Foim Cab 

The whole vast expansion of Ihe Ford planU which has evolved the 
melhofis nnd policies Uj be set tt>rlli in these ehapfers, resls u[k>ii one 
broad, simple foundation — the commercial success of the Ford car. 
&omc survey of Ihe scope and rt^ason for this success is* therefore essential 
U) any full undcr^tamling of the inechaniral and phyaic-al featuran of the 
busine^M btilh. npon it. 

From tlie first. Ford's motor-car designing ran towards a small^ low- 
cost automohilc, to meet all-round acrviee requirements of the average 
man at a price which tJie average man could alfnrd In pay. The 1IJ14 
"Model T" Ford car is 5(J-iuch gauge, 100-ineh wheel base, has wood- 
Bpokc wheels, a half-elliptic spring in front and a half elliptic spring in Uic 
rear, \» driven by a four-cylinder, 4-eycle water-cooled motor of about 
20 brake horse power, pistons SJ^-iiieh ilianieter witli 4*nie!i stroke, and 
a planetary ^p^.H.'d change, two fonvanl speeds and a reverse with one uni- 
versal joint to the propclier siiaft and bevel gear and balance gear to the 
rear nxles, Tt <'aii >how about 85 to -10 milc-s an hour on good roads, 
making about 18 to ^0 milas to the gallon of gasoline. 

The distinctive feature of the Ford -car chassis design is the triangular 
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Girl Workers Making Fields for Fly-Whee! Magneton 

bracnni* uf bulb front and ri'iir axlc?^, wiib a j^lobe-joint triangle apex 
ftllttcliiucnt to llio fbu:4sis fnunc. which gives an absolutely tree vertical 
wiicvl posilioii ftiifl ailjiislriieni lo cnvh *i\w of \hv four whdls iiidt-pt-n- 
dently, tjosiiit. road surface level variations. The Mod**lTcljR.ssis frame 
is supported front and rear the same, at the middle of the end cro^s 
menil>erii. 

ForI's eTcpenenee in c*)niieelion with riirni steam engines made him 
fully aware from ihevenr' fii'sl of what must be done for the buyer to 
make him n fully satisfied purchaser how the buyer must be coached 
:iii(l Ijiu^'ht, and Kupplie«l with Iowh^osI rejmirs and rt^plactments; and iie 
miw to it tliat every owner of a Ford ear was taught and heljied in every 
way towards satisfactor>' scrvHrp, 

The small priro. smnll wtnghi and gtm^ral snitabihty for both Uum- 
ne«s mid pleasure rec|uircm<?n1s of the average man and average family, 
eoiubined iA ith iheinhert^nt dcsiretf humanity at large for rapid transla- 
tion, and with mrthinU of placing Furd cars in easy reach of prospertivc 
buyers, and the ciirei'Ljl aUriilioii to the nwds of cjir bu;,'ers and nosers, 
tAken together, fully account for iJie specLncular financial success of the 
Ford Motor Company Highland I'ark plant, where a new-born car 
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pushes the doors open itself and glides out into the world under its own 
power, a thousand times during each working day of the year. 

Expert analysis does not show any one point of such commanding 
merit in the Ford car as to compel the intending buyer to prefer it to any 
other. The Ford car is good at all points, but it has only one point of 
radical departure in design from many other small cars; the Ford igni- 
tion is by a flywheel magneto instead of by a wholly distinct magneto, 
gear-driven from the crank shaft, as is common practice; but this one 
point of notable difference is not enough to account for the Ford car 
sales preponderance, because the ordinary separate magneto gives a good 
and satisfactory ignition; hence the real cause of the Ford car sales vol- 
ume must be' looked for elsewhere. 

Every man takes the easiest way to do what he wishes to be done. 
The Ford selling system details make it easier for the man who desires a 
motor car to buy a Ford car than to buy any other car whatever, simply 
because the vast multitude of selling agencies places the Ford car in 
easiest reach of the intending buyer, who is thus made certain to consider 
the Ford before buying; and when made fuUy acquainted with the Ford 
car and fully informed as to the small fuel consumption, the low price 
of replacements (which are listed at bare cost) and taught by the willing 
salesman to handle the car on the road, the inquirer is almost certain to 
purchase because of the low price. 

Thus the commercial serpent of Ford car triide is seen to have its tail 
in its mouth, making the circle complete and endless, and, so far as can 
now be seen, impregnable. The Ford cars are bought by everybody 
because they are loWHx>st, good, and everywhere present; and they are 
low-cost, good and everywhere present because the large sales enable 
the Ford company to produce cars cheaply, to make them good, and to 
support thousands of selling agencies scattered over the entire habitable 
face of the world. The astounding results expressed briefly in figures 
are given on page 3. 

The Highland Park Plant 

The Ford Motor Company factory is located in the village of High- 
land Park, adjoining the north boundary of the city of Detroit, Michi- 
gan, U. S- A. Highland Park has at the date of this writing (Feb, 14» 
1914) , a cosmopolitan population of about ^0,000, including Hungarians, 
Poles, Servians, Armenians, Bohemians, Russians, Jews, Roumanians, 
Bulgarians, Slavs, Italians, Croatians, Swedes, Norwegians, Austrians, 
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Negroes, Irish, Scotch, English, Dutch, French, Germans, Danish, Welch, 
Spanish, Japanese, Greeks and Mexicans, The greater part of these rep- 
resentatives of the diverse nations of the worid have been added to the 
Highland Park population because of the Ford-plant location in that vil- 
lage. 

The Ford Motor Company's realty extends 56 rods north of Man- 
chester Avenue, on Woodward Avenue, 180 rods east on Manchester 
Avenue, 56 rods north to the Detroit Terminal Railway Company's right 
of way, and thence the north boundary line extends 180 rods west to 
Woodward Avenue, The Detroit Terminal Railway is a belt line, con- 
nected with every railway entering Detroit, giving the Ford spur tracks 
direct railway communication to all railway stations in North America, 
An outline ground plan is shown on the folding insert facing page 24, 
and plans of the separate floors are given on the reverse side. Full 
descriptions of the shop and foundry' and other buildings and of their 
equipment and operation are found in later chapters. 

This Highland Park realty holding was purchased in 1907, at a cost of 
$62,000, and the first Ford factor^' building on this plot was erected in 
1908. Additions to the plant buildings have been and yet are under con- 
tinuous erection, and this story will be obsolete before it is printed 
because of the very large additions now under construction. 

At the present time there are three buildings four stories high, the 
total factory floor-space, including the machine shop, covering 28,29 
acreSf with an additional ^,1^ acres of floor area in the Administration 
building. The two six-story buildings under construction will add 14.85 
a<:res, making a total of 45.26 acres of floor space* 

The superstructures of afl buildings except those of one story are 
reinforced concrete. The one-story buildings, which comprise the 
machine shops, heat-treatment building, foundry, auto shed, engine 
house and boiler house, are structural steel with concrete foundations 
and brick or concrete side walls. 

Floors in machine shop are of wood over tar rock or cinders, on a six- 
inch concrete bottom. In the heat-treatment building floors are of brick 
except directly under the machines, where they are of concrete. In the 
foundry a greater portion of the floor is dirt-filled, with some patches of 
concrete and brick. Throughout the factory proper, most of the floors 
are of concrete, though the upper three floors of the four-story building 
facing Woodward Avenue are of one-inch maple on a cinder fill, and a 
few maple floors are laid in other parts of the plant, 

Boofs are generally of reinforced concrete covered with built-up roof- 
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ing, flat except on the macliine shop and foundry, which arft saw-toothed. 
The (.'xU'rior walls of (ill fiiclory buildings show about 75 per cent of glass, 
.doulilu aJrengili, In slrrl 5»?*h. TIk: unih of l^o uf liie fcHir ci-ant!^way8 
id of the HUlo shed »iv nearly lOO per cent ribbed wire glass. 

Healing of the old buildings is by indirect system on Ihe first floors 
And by direcl hol-watcr radiation on ihc upper stories. The new build- 
ings will be heateii enliivly by inilinvl. sysUnn, the apparatus being 
placed on the roof anil the air forced down through hollow interior 
columns. 

Highlanfl Park lie.^ 58 f«^t above Detroit River watermark. Is nearly 
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Aiiulhcr Exjim^jlc uf Spe<,L*il Tuiils with Seii.i-Skiliecl Tecders 

IcN'cI. ond haa about 3 feci of sandy loiini overlying u deep blue-clay bed, 
with !iiiicf*toiu' lifltjw. Tlu' wultr supply for in an uf Act n ring piirpo<4es 
coiiios from thn.v »rtt*Hinri wiO)s> ;iiul Is slightly sail. Drinking waler is 
taken from city mains, and is excellent. 

Tbe casl) coat of Ihc Ford plant buildings, tank^, and fixtures totaled 
$3,:.7:>,O0O, February 10, l&U. The first bnlldiiig was ercvU^i in 1908, 
and additions have be^^n in constant pro^reHS ever tiinco_ The niaeliine- 
looi equipment has cost about $^,8UU.0tH), to February" 10, and i^ con- 
stantly Ijcing increast'^L Very largo sjx-stor>' huildin^^ are now (ApriK 
1916) in progrejjs of erection on each side of the railwwy tracks, each 
track sen-t^'d by a trawlint; crane which will losid and unload ears by 
crane transfer din-rcL to seventeen diflcrent lauditi^'s on e^ch floor of 
thf'^Mtew buildings, and the entire »|Hu.vl>etween thefoniidry iituI Miui- 
chester Street will be roofed over when the new buildings are com- 
pleted. Handling of materials and work in progress of finishing is now 
llie princip^il prubltnn of uiolor*ear e<>sl-n^lnej ion, as the miiriiint' tools 
and the aiuemhling processes and methofis are now highly specialized; 
but the factory, as n<Tw nrrangixl, employs somewhere from 800 to 1,000 
truck -men, pullers and shovers, most of wliom will he needless when the 
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new buildings nre coniplclod and txaveling-crane service is given fullent 
poft5iblr ('TuployTnirtil. TIk^ present machine slioj* will br 1ransf<rrrcd io 
Uie new buililiiLg^^ aud the prest?nL niacIiimvUiol flooi-s will lJ^^ u_sed for 
slomge only. In tlKJ new shops the foundry will occupy the top floor at 
one building and rough stores and the machine tools demanding moat 
light will *irfiij\v Lht' olIiLT Id|i Hi^hs; work In procjrr-ss will drarend In 
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■ai riatfona to Factory 



notural course of operations until it reaches the train-loading plntfornis 
in i-i>iiipleted condilion, rrady for instant shipment. Tbis will Uc. more 
fully showT! and described later. 

The lightest Ford car. 1914. weighs 1.400 pounds, and as 1,000 cars 
are turned out per day this gives 1,400,000 pound^t of materials to be 
ImaiUed many times over in the course of each duy'** work, thus mak- 
ing transportation improvements the principal factor of future Ford car 
flat-cost reduction. The iinporlanee of shop transportation was very 
<»arly rccogiiizivl in thr Ford itmcbinc shop, and is answered as far aj« 
may be by pluein^ the noLnlful tools and Oxturcs. no matter whal they 
arc* in the line of work finishing travel, rather than in groups of similar 
tools, as in tlie ordinary niachine-sbop practice. The present shop 
transportuliou U by a gantry crane serving the foundry, three traveling 
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scmng the stock and heavier work machine-shop floor, and by a 
monnraiS tint^ I'^niippt'd wiLlt elwtric^ locoinotivo.s, wliirli innki.^ ii belt 
line sihout the ?*IiopT ^^th ii direct line from the foimdry paiit the hpjit* 
treating building, to the machine shop. But in addition to thei*c means 
of meehanloal load-carrying Uierf? la y<*t a very large volume of niiismtar 
lifting, hauling, pushing and drag^ng dune in the Font shops, much of 
which can l>c savc<l in the n^^w fiix-floor huildin;rs with orfin<r service 




njie %ad puUr>ii 

direct from the niilwuy tracks to seventeen separate landing points for 
each of the floors of each building and with the foundry on tlic top floor. 
TIic American manufacture of the third model (the Ford car of 
today) was no sooner «^l;thli.Hlied than the orgatd/ationor the CaTmdiun 
Ford Company, Limited, capital stock $1,000,000, wfti* undertukeii and 
carried out by Mr. Ford and his associates, the CamLdiu,n stocklioldcns 
furni.'ihing about one-third of the capilnt invested. The cotnp^iny wu* 
charlcred in August, 1904, to supply the English provincial domarLd^ 
the territory to be covered comprising Canada, Australia, Xcw Zealiuid, 
South Mrica. and India. 
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Tool Crib Surmounted by Closets 

SlniTTniya to iLc urinaU &r« srvn tci riirtil mj k'ft nf Uir UhH Miculutt- TIh.-mt drpAri^iirnl ^nba ami cIchcU 

The Canadian company be^an conmiercial opcrationB by buildlnj; 
no r;irs in lfl05, iiirrpaHt^d this on I put. lo 1K5S1* cars in 1913. at l.hcend 
of which year ilnyy had built a total of ^9,000 cars and were in a highly 
prosperous condition. The new Canadian plant, located H^ miles in a 
norUicrly directiun from tlic custom hoiis<% \Vindw»r. Ontario, (^^anodo^ 
wiitt begun in IftlO, iind llir buildings have now a 0oor urea ol 300,000 
aquare feel and are l>eing enlarged* 

The Cnntxdian Ford Company, Ltd., nt iJie lime ot ihis writing, 
Febnuiry '^i, 1P14, carries I^AIO nunies on llie p;iy roll and \% working 
up to about maximum capacity in tnrnini^out 110 ears per day, identical 
in ever>' parlicular with the American Ford ears. The Canadian factory 
plant IH tlie same, save in flize^ as \\mi\ iU. iligliland Park, and the works 
nn^ driven by a pair of Ilamilluu-Gray engines, 750 Iiorse-power each, 
l/jOO horse-power combined, Bimilar in design to the big engines at 
Highland Park. 

The Ford coinpnuy is by no means builder of the entire Ford ear. 
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Thp bodies, whwlsilir***, coil-hox iiiiiLs, rarlnirt^lors, l;tin]»s, flft |rt t-eiil 
of tlic car pointing, «U drop-forgiiigSj idl roller and ball bearings, grease 
cupa, spark plufrs* electric conductors, gaskets, Itosc connections and 
ha*t- clips, ihv. Iionij [lie fan helt, tli*r muffler pip<s and a rnn-sidoralilft 
part of tbebolUand nuts, are purchased from outride .sources of supply. 
There is about $ll.OOf),noo value of drop forging^ niaide yearly in the 
United Slate*, anr! of thi:* Ihe Ford company bnj-«i about 3^^,0()n,0lX) 
worth, or uearly one-half The bcxly makm^ is uiiotht-r very large item, 
which employs sieveral thousand men in five entirely separate and dis- 
tinct factories. 

To shorten fm much as niAy I>p \\t^ Vines at travel of materiak and 
components in the j?hop, the maelime louL; arc placed much clo^ier 
together on the floor than is usual, so that there is but barely room for 
the noiknian to make his needful mm'cmenis; and to simplify r^ich indi- 
vidLiar^ task a*i much as possible, team work is employed verj' largely, 




Applicants for Work crowded into Manchester Avenue on Rumors of the Ford Boaus 

SjhlfU aUrt unJ irtvp ul miridus buunt iji iliiFirc^nl d'luiHmcots m the t\ow of kotU nijuim. 'lUua Uao 
vEnploycH puB IP and oqt by ^E^tup* — But lUl tO((vtW 



30 FORD METHODS AND THE FORD SHOPS 

the work sliding along on pipe ways as assembling progresses. A direct 
necessity for successful team-work is ready closet access, and the closets 
are therefore placed over the tool-cribs, one or more for each assembling 
job, so that team workers may lose as little time in necessary absences 
as possible. The arrangement is illustrated on page 9S. 

The foregoing brief particularizing of the peculiar shop conditions, 
brought about by mere works magnitude, will enable the attentive 
reader to follow some detailed examples of Ford shop practice intelli- 
gently, although the Ford production routine involves some altogether 
novel agencies, among which the "shortage chaser" is the most unusual 
as well as the most indispensable feature, all, as will be shown in the 
immediately following chapter, describing some of the more notable 
features of Ford machine-shop practice- 



CHAPTEH II 

THE FORD STOCK SYSTEM AND EMPLOYMENT 

METHODS 

IT is absolutely correct to say that the Ford Highland Park shops 
are unique. The place certainly stands alone in three vital par- 
ticulars, which dominate the practice at every point: — 

First, the company has but one solitary item of commercial product, 
the Ford motor car, made in one form only, because the differing body 
forms do not in any way modify the single chassis. 

Second, the entire human race desires to ride, and to ride fast and 
cheaply, and the Ford car meets these conditions of human desire more 
suitably than any other automobile meets them, and hence is truly and 
in every sense a certain money maker. 

Third, the Ford car holds so closely to the one unchanged model that 
it becomes commercially possible to equip the shops with every special 
tool, great or small, simple or complex, cheap or costly, which can be 
made to reduce production labor-costs. 

The Ford shop production has never yet met the purchase demand 
for cars. There has never yet been a year in the history of the Ford 
Motor Company in which it did not refuse " immediate delivery *' spring 
and summer orders. The Ford factor^' product is always over-sold; no 
car is ever stored at the Highland Park plant for one single day, because 
this plant has absolutely no place to store its product save in railway 
cars, and 90 per cent of the automobiles shipped from Highland Park 
carry with them cash-on-delivery bills of lading. The remaining 10 per 
cent of the Highland production is shipped to the various Ford 
"branches," which are, in fact, merely removed members of the 
Highland Park plant, owned by the Ford Motor Company, and 
operated by men paid by the Ford Motor Company, who sell this 10 
per cent of the plant production at retail, to supply the branch local 
demand. This branch handling capacity, equaling 10 per cent of the 
total production, is the reservoir which takes care of the difference 
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between day-by-day actual sales and the total output. The fact that 
10 per cent of the total production provides a sufficient storage volume 
for cash-sales fluctuations shows the unparalleled steadiness of the 
increase in the demand for the Ford Motor Company's one and only 
automobile. 

These three points of generic distinction— first, that the factory pro- 
duces but a single article for sale; second, that it is an article of univer- 
sal human desire, sold for cash to within 10 per cent of the total volume 
of production the moment it is completed; third, that being exempt from 
commercial demand for change of form, this article can be built through 
special machine-tool equipment of enormous cost — ^these three extraor- 
dinary characteristics place the Ford shops in a class by themselves for 
their certainty of money-making and exemption from rivalry with their 
product or competition for their gains. 

These are not merely unconsidered assertions made in the interests of 
the Ford Motor Company. On the contrary they are the carefully ma- 
tured conclusions of a widely inclusive search for the ultimate causes of 
the profits which compel a steady flow of vast sums of money through 
the Ford treasury, day in and day out, the whole year round. 

The motor car had its epoch of opportunity, and Henry Ford was for- 
tunate enough to make the car best fitted of all cars of its date to seize 
this opportunity, and to give this car sufficient vitality and stamina to 
enable it to hold what it grasped. He who best supplies a universally 
existent human desire has Fortune at his feet, as all students of commer- 
cial success are well aware. Mankind at large will surely purchase what- 
ever meets its desires, and the lower the price the wider the field of sale- 
That is the foundation of trade at large, and what is here said of the true 
cause of the Ford car success cannot possibly be controverted. 

The Ford factory holding thus, as it certainly does, a position com- 
mercially unique, may be safely expected to show very marked features 
of factory practice, wholly unKke the practice of any other existing fac- 
tory, because the practice of every factory must be dominated by com- 
mercial conditions solely, if it is to continue in active existence, and the 
Ford factory does not disappoint those who expect to find its practice 
unique at vital points. 

Maximum Production the Objective 

The urgent demand for maximum production is the dominant con- 
dition which governs every activity of the Highland Park shops. It is 
true that the automobile trade at large has its dull trade season of the 
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year, that the spring and summer sales of motor cars vastly exceed those 
of the fall and winter, so far as the purchases of actual car-users are 
concerned; but nothing of this season-of-the-year-governed call for cars 
is ever felt In the Ford shops to the extent of giving the factory a slack 
period. The Ford system of branches and local sales agents acts as a 
reservoir of production; so that, because the maximum yearly produc- 
tion of the Ford car-building shops has never yet equaled the pros- 
pective demand for cars in the near future, the Highland Park shops are 
always worked to full capacity. 

The Highland Park shops are very far from manufacturing the entire 
Ford car. A long list of components, both rough and finished, are pur- 
chased from outside suppliers, who produce and sell to the Ford Com- 
pany the bodies, wheels, tires, coil-box units, carburetors, lamps, 90 per 
cent of the car-body painting, all drop forgings, all roller and ball bear- 
ings, grease cups, spark-plugs, electrical conductors, gaskets, hose con- 
nections and clips, horn, fan-belt, muffler pipe, and part of the bolts. It 
is the policy of the company to deal with several suppliers of the same 
component, to ensure supply by drawing from several sources (which 
certainty of supply could not be had from any single producer) and also 
to make possible avail of competitive advantages not to be had if the 
total orders were placed with a single producer only. 

Because the Ford Motor Company has but one production unit, the 
Ford car, and because the commercial demand for these cars has been, 
from the very first up to now, in excess of the plant production supply, 
the Ford production order is largely a matter of form and anticipatory 
surmise, based, as to quantity, on the "best judgment*' of the sales 
department. 

This commercial condition of being always over-sold must, of course, 
dominate the Ford factory activities in all directions, and does, in point 
of fact, make the fixing of a production limit by an inflexible production 
order an impossibihty. 

The Ford fiscal year begins and ends October 1, and inventory is 
taken at that time, by actual count and survey. The Ford shops are 
minutely systematized, and all accounts are carefully and accurately 
kept; no purchase order is issued without what amounts to a complete 
inventory of the component under replenishment, so that, save to dis- 
cover theft, the Ford shops might dispense with the costly function of 
"inventory by count and survey" altogether, so far as fixing purchase 
order quantities is concerned. 

Prior to October 1 of each year a consultation between the sales-* 
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dcpurLmcnt horads and the manufacturing department is held, and the 
fj^tiionte o( Hit.' niinihcr ^f cars to he turned out during each mili\'idual 
nionlh of ih^ year ti> eunie is marked in llie twelve innnlli-^pac^s on jl 
Urge sheet of section-lined paper, ten spaces to the inch. This monthly 
car-production number is oommunioatcd to the factory hcad», and is 
liswl as a liasis for Ihc pijrrha.se-orrli^r d<Tiai-tnic-nl; hut the original 
numbers of cars to be produced in any mouth lo come may bo clianged 
on adviccij from the sales department. 

As the fisral year goes on. the factorj' supcrinicndcnt plots a "pro- 
duction cur\'e" on ihc larj^tr shi-L-l o( seel inn -ruled paper liL^iidt'd by the 
twelve Apace^{ filled with the car-production quantities of t.he individual 
months, and thus obtaiuj* a diagram which ahow:* the factory car output 
in detMil and an totfil, at a glance. h» lllv^ mouLhs pn.ign.<ss. 

Mcantmie. the factory departments arc producing finighcd com- 
ponents to meet tilt; requirements of the production-order schedule, and 
it would w^em ilml, witli an arcuraldy compileii n^cnrd of (inisheil 
stores produced, checked by an accurate record of complete ears, com* 
pletc assembled units, and finished components shipped from the High- 
land l*ark pinut, Ihertr .should never be a moment's doubt or question 
fut lo ihe individual finishcdK**imponent stores on hand and ready for 
use by the assemblers, so that all prospective shortages of components 
would be accurately known and replenished to the safety mark long 
liefiire tin* pnjspfctive slu>rl.age*t became a present actual condition; 
but such is not the fact. 

Location and Arrangement op Offices 

The offices of tlio^e departmental heads directly instmmpntal in 
machine-shop supply and working are located on the west side of the 
machine shop, he^in at an rast-and-wcst hue through the middle of the 
Adminislralion building, and extend northwanl. in the following order: 

Fu-st nud second, anlcrouin and office of the machine-sliop superin- 
tendent, who La» oUL^ aasistant^ the two working together in auch abso- 
lute harmony that 1 was irifcirtncd that tln^y were of efjual rank, which 
appears to be the truth in practicir, though not in aceordance with the 
register of officials; third, inspector-in-thief; fourth, buildinga mainte- 
nance; fifth- the clearing house, whirh is aUit the stock -siiperintendt*nl*s 
ofTicv, and sixlh, the sliortage-rhaser's desk, shared with the clearing* 
house chief clerk. Close at hand the clerks working under orders from 
the clcaring'houtw chief clerk, who keeps bonrd and book records of 
all eonipon<?nt» produced, arc ^ttationcd^ all in an unenclo^«ed space. 
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Interior of MachiQe-Shop Superintendent's OfTtce and Group of the Principal Officials 

of the Machine Shop 

The Stock Slhkkinteviiknt 

The Ford Company's purchase routine is very full and elaborate, so 
elahoratc, indeed, that no short story of it can be m&dc adequalc uiid it 
must be reserved for a siipplenieiilary rliapter. 

Tlequi^itinn-s are based upon (he productinii volume determiiuxl upon 
at the first of the year, in eonneelion with ihe data of a remarkable c^n- 
iimial inventory of coniptjncnta on hand in the main and branch eslab- 
lishuH'nt.s, Contracts arc not generally made for the entire season *i< 
needf but in larger or smaller lots^ following the indications of the mar- 
ket. 

When a delivery has been ordered on a purehase contract, the piir- 
ebaslug agent turns uvcr the particuUr^ of tlie transaelion to a "follow- 
up" a^riistuut, who keeps after it continuously until shipment is made. 
As soon as hi- has drfails of whipmnil datcr. nir nuinix^rs. and routing, the 
»upL-r\ isioii uf llic iiiuvL'nieril pass^^-s to the Iruflic dt.*partineTil, wlio keep 
in touch with the coiisignnient until the good^^ arrive at the unloading 
pbtfomi. Tbcy then enter into the custody of the material dcparlmcnl* 
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Shop TrftoBportation, Sprague Monorail System Passing througli the Ford Plaat 



by whom thf}' are routed to tlie exact poiut of use in llit* shop^. A sys- 
tem uf f^ect lonti.l It^ttiTs ii.rid niinihers, rdiiNpiruoiiKly paiiilerj on cnlnmiis 
nnd girders, Ruide* even the unediieated foreign labor uspH for hnndlitijc 
RtKl truetdng to the correct destination. In cuvso of over-nrcumulation 
of sit.x'k al. any point, the rouliii^ clerk is notified hy telepliiine ;ind 
directs a new place of delivery' miti) the stock has been reduced at ihe 
pCNnt of congestion. Wherever possildc, purchase orders provide for 
flhijniient in packages of exact count sJxe. thus greatly facilitating inspec- 
tion for quantity. All nuilt-riiLl is slrictly <L"liart,'ed mid creditwl from 
department to department, according to the quantity that passes insjiec- 
lion. Rejections arc charged, billed, and shipped back to sellers. 

The st(M:k nveiving is in eliar^ i»f one in4livi<li]»K the shwk supt^rin- 
tcmlenl, who Las an office betwt*('n tluiL of the machine Mjperinten4lcnt 
and Umt of the shortage cha.^er, with one principul office assistant oud 
six office cItTks- Hcba-s besides I,58.'» men au1sideoflhe<iflice — dqwirt- 
ment slock kwpers, checkers, counters, and weigh niaaterit, with a horde 
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of stock handlers and truckera, who go where he says go, and come as 
bidden. Besides this considerable manual force, tlie slock superinten- 
dent has control of all traveling cranes and the electric monorail service. 

The machine-shop traveling crane-way extends through the shop on 
north and south lines and covers a railway siding. The monorail lines 
surround the machine-shop floor and extend from the factory building 
line on John R Street to the eastern end of the foundry, besides having 
various other lines of travel inside the machine shop. 

The Ford shops receive by rail about seventy carloads per day of 
freight from outside suppliers, and send out about one hundred and sev- 
enty-five cars loaded with Ford automobiles, daily. 

Test pieces from rail shipments of pig-iron and bar-steel go to the 
chemist for analysis before unloading begins, and if the analysis is not to 
specifications the car is side-tracked; such instances have been known 
but are, of course, extremely rare. The analysis is satisfactory as a rule, 
and the checkers and counters and weighers are set to unloading the car 
as soon as may be after the chemist's report is in hand. Sheet steel is 
taken in without analysis and the stock received may go anywhere on 
the premises, but is usually sent to one of the many regular stock-receiv- 
ing departments. Drop forgings, of which the Ford Company uses about 
$5,000,000 valiie yearly, are unloaded on the platform south of the 
smithy and foundry, which presents a very busy scene during work 
hours. 

The Ford Shop Transportation 

One of the principal problems placed before tlie Ford engineers is 
that of transportation within the factorj' walls. The lightest complete 
Ford car weighs about 1,400 pounds, and if a thousand cars a day are 
turned out at least 1,400,000 pounds of materials must be moved daily, 
not once only, but many, many times over, each day, in the course of 
construction. Hence the traveling cranes, hence the many monorail 
lines, and hence the great numbers of truckers, and pullers and pushers 
and roustabouts in general, everywhere visible in the Ford shops during 
working hours. The unrelenting push of sales orders has forced the 
management to work for constantly expanding production capacity, 
regardless of everything else. At the time of this writing the first two of 
a series of new six-story buildings, each floor having seventeen landing 
stages served by an overhead traveling crane, are approaching comple- 
tion; and with this great increase of floor area, supplemented by efficient 
traveling-crane service, much of the present hand trucking and roust- 
about work will be eliminated. 





The Voni pay-roll i» spIil abf>uL evenly l^elwoen direct and mdiped 
production labor, ami tlic stock ^encml supcriiilciid^Mit's item of 1,^^85 
mm oiilside of hi,s own office jfivfs sometlnng of sin idea of what the 
nirre Iiuiidlin^ and pliu-iug of ihe 1 ,000-<*arS'jHUMlay coiislriKlJon-iiLale- 
riala cost. Not only is the fu)le:4t po^Aible use made of the travding 
cranes and the monorail system, hut endless-belt and rndles^^cfmin 
trati sport at ion is <".slaihlishc<i in niariy locations^ Jifosl of all, hi>w**ver, 
tlic Ford enfiinccrs have taxed the eonvolutioiw of their brain surfaces to 
slHiftcn the lines of natural work-travel on the factory floors, first by 
crowding marhini'-tof>ls together far closer than 1 have elsewhere seen 
madiine-lools placed, and next by first finding the shortest i>ossibk' lines 
of production travel of every car component, integral or OtiM^-mblcd, and 
then placing every production agent needed cither directly in that short- 
rst line, or tw near lli»t tint' its pos-siblet t*i the exljent of pljK'Ing even the 
braxing fires where mast traveUsavini^ advantage demands. 

U if^ of record that in tlie old FiquctLe Street days, previous to the 
tinie when any attempts at Ford shops systematizing were nimlt? aiul 
chaos reigned supreme, tlie first systematizer found that the Ford en-bloc 
fournn'lindcrs casting travctcti no less than 4,000 feet in course of finish- 
ing, a distance now induced to about 33-t feet. 

At first sight the Ford close tool-placing seems to be carried even 
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Ulustrating ihe Clow PlaciDg of Machine Tools in tbe Ford Machine Shop 

lieyonH Hie liriiit of ecoiiomirni application \x\ Iahor*ooj*l nnluciny: bill a 
somowliat 4>xtcii(ied obsor\'ftlion of the iiion^ ooiiffcsUxl an>as of Ford 
maoliiac-sliop floor space failed to fimi a single iiiiit«iR*c in which the 
worknten did not have all IW- room ncros^ary for pronominal airtioii. li 
in 1 rue ihiil th*- wundf ivr in iheFonl shopHis toTvei] t<»kt^p tonmin Uties 
of travol, where nnirh fare in not^dful to avoid a n]i>^hnp throng tlK^ 
monorail trains overhead or hy way of the ncvcr-pniising hand-tnick 
tmflicT oil tije (Inor level, bill, I am f(jrct*<l to the conclusion that even the 
closest spacing of niachini? tools in ihc New Eui^IiLud njauufacturing 
machine shops is still prodigal of floor space. Every fiictor>' economist 
wcrll knows that every scjuarc foot of floor space carrier the same tax of 
overhead (.Hjsts. which cannot be refx>upe(l save by placing a profil-eam- 
ing load thereupon. Yet the traditions of the Klders yet carnr* weight 
in apiteof the missionary laboritof Mr. Taylor and liia disciples* and per* 
Iiap.H Ihe Fnrd ^hi>p% ai-e doing an iingnesscd eosl-re<li icing wnice in 
showing hi>\v closely even the larger of tlie small machine tooU may be 
placed with no loas of pcr-hour efficiency. 

Of course, after what has been here sai(L the vUi!x>r will no! ^-xih^^I 
to find in the Ford shops any examples of orlhodox macliine-tool placing 
in i^cncric groups, lathes together in one pliice, drilling machines, willing 
marhinefi and planing machines each in a group by themselves. 
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The aiitomatir srrew machines, whirh arc great fl<>or*space coDSUm*- 
eis luiless placed diagunally, force scgrcgalma, unci ubUnii \{. The large 
drawing-presses wliich product* the prL-fc^od-stccl crank-box are aUo 
in a line by thcmaclvcs, since labor aaviiig and t,run»portdtioa saving 
both demand the grouping, and two long lino of \iV\^% prtrasc^f pro<kicing 
many difTcrcul arliclcK in sheet metal arc phic^.xl buck Lo back to enable 
one lung horizontul belt traveling between them to can^' all the work 




National- Acme Autuaiatk Screw Madiines, Showing DiagonuJ Mode of P|a<:e[ueat 

proclnrcfl to the eastern end, where two men stand and Hurt the |>roductA, 
each into a rei^eplmle of lis own kind. 

The gear cutters, both spur and bevel, are plaeed in bunches where 
their finishcil product can be built into the appropriate a-^scmbly with 
least tninsimrtaliim, and a long line of Poller and Johnson aiiloniatie 
latlie» wre the tirst machine tool*! to meet the oj'c o( one entering the 
machine door (rom iLcAdminislnitionbuildmg.becuusc these tooU work 
on single pieces and can c<iQnoniizc Hour Apace by close cnd-to-cud 
placing. 

But when it comes to brazing furnaces, which arc usually regarded as 
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unthinkable on a machine-shop floor, and are relegated to separate and 
despised quarters, often far out of the natural line of component travel, 
the Ford engineers have no hesitation in placing them as nearly as may 
be in the natural production line of travel, and brazing fires are seen in 
many unexpected places in the Ford shops. 

The Ford Workers 

Having shown the factory buildings, and stocked the department, 
rather hurriedly it must be confessed, the place is no\v ready to hire in 
men, Molders? Core makers? Smiths? Machinists? Not in num- 
bers to notice. The foundry superintendent asserts that if an immigrant, 
who has never even seen the inside of a foundry before, cannot be made a 
first-class molder of one piece only in three days, he can never be any 
use on the floor; and two days is held to l>e ample time to make a first- 
class core maker of a man who has never before seen a core-molding 
bench in his lite, 

Tool-Makers, Experimental-Room Hands and Draftsmen 

These constitute the aristocracy of every shop. They must be good, 
they must be experienced, and the better they arc and the bigger wage 
they can earn the more valuable tlicy are to the shop. The Ford shops 
work about 250 tool makers and 20 men or so in the experimental room, 
and a large force of metal-pattern makers in the foundry pattern shop, 
all of whom must 1)C first-class mechanics. The Ford management 
asserts that its tool makers are as good as can be found in the world, 
although they are nearly all of western growth, and what tool-making 
jobs I have noticed in the tool-making department were certainly being 
well done. The Ford Company has a large quantity of shop special-tool 
work constantly in progress, and all special tools at work in the machine 
shop so far as noticed showed as good design and construction as need 
be. Nothing is scamped or hurried in the Ford shops tool-making, as 
might be assumed without writing the assertion in so many words, be- 
cause economy in tool-making is always rank extravagance on the bal- 
ance sheet. The general appearance of the tool room and its e<iuipment 
is shown in the illustration on page 6 of the preceding chapter, in 
which the large installation of Ilendey lathes is especially noticeable. 

As to machinists, old-time, all-round men, perish the thought! The 
Ford Company has no use for experience, in the working ranks, anyway. 
It desires and prefers machine-tool operators who have nothing to 
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unlearn, who have no theories of correct surface spcods for metal finish- 
ing, and will Hiniply dci wliai tht.-}' a.n^ loltl to ilo, over and over agaiit, 
from Wll-luue lo Wll-timc. The Ford help uwd not even be able- 
bodied. 

I had bL-cii told that jdl applicani.'* for Ford jobs must Iw up to grade 
under a "iiuliUiry exiuninuliuii'* hy ihe Ford surgeons. Nolhing could 
be farther from the truth. The cmpioynient agent, who looks applicants 
over before sending them lo the surgeon for examination, snid to me Ihnt 
S(i long as it <%efriitH) U^ liiiu thitl a niuii n>iild do work tnmugli Lo pay 
ovprhead charges on the floor space he would occupy^ he sent him to tlic 
examining surgeon. Hcfiuotcd Henry Ford as saying "We must all live. 
If a man can maki^ himself of any use at all, put Iiim on, givi: hiiti hi* 
chancre^ and if he trie^ to do the right thing we can Qnd a Uving for himj 
anyway," 

This Ford labor polirj' must have given hope, most valuable of all 
human possessions. Lo many and many a desp:iiririg brain. 

Pursuing the work-applicants-examinatiou storj', Dr. Meade aaid: 
"No. the examination is not 'miUlarj-* in any degree. We might accept 
a man with but otic L-ye. or one- hand, or one fool. The applicant most 
have no contagious disuasL% or if he bus such ii disease he may receive 
hospital treatment gratis if he shows a disposition to take care of himself 
until he has paMw^ the condition of possible disraa^communieation- 
Chrouie eonhigioits disesu^c Is cau&e for peremptory* rejection." 

The Ford Company does not demand physical perft*etion in it* 
workers; it simply takes such prt^cautionary steps iu hiring workmen aa 
are, from llie>lHnd])oint of tlie \viM- fiiclnry nniiiager,iiwes-sary to give a 
fair prospect of that mutually profitable interdependence of the em- 
ployer and the employed, which is the only salisfactory and altogether 
just embmliiiient of I lie working rt^^Iutiitns of capital and labor. 

It is of vital importance to successful factory managem<>nt that work- 
men should be steady in their habits, and dependable in the point of 
continnous ser\'ice. Of course, there arc occasions which fully justify 
the worker's absence from his place during work hours. «tid by making 
«itatement to his foreman llie Ford shop hand ean obtain leave of absence 
for such time i\s muy be needful- Absence without previous notice is 
rigidly disapproved, luul upon retnrn from unpermitted absence the 
worker is at once taken to liie wutehnuin's office, a form is filled out, 
with excuse for absence fully detailed, and signe*! by the workman^ who 
is then taken to the physician's office and '* investigated," Should the 
medical staff find the excuse valid, tlie workman is permitted to resume 
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his duties, in good standing. If the workman's excuses are not deemed 
satisfactory he may be either discharged outright, suspended, or "ad- 
monished" by his superiors with a view to his own good, before begin- 
ning work anew. 

And in general, the Ford Company claims that it is best for all con- 
cerned that it should stand in an advisory position as to the conduct of 
each of its workmen, and should assist, lead, and guide him in the right 
direction to make such use of his natural powers and abihties as will best 
conduce to his own value to himself as a man, and to the Ford Company 
as an employee. 

Of course, the man who begins to act as conscience to another man 
has a long road before him, as such a course can easily be made to end in 
paternalism carried to a degree of inclusiveness commonly looked for 
only in the most rigidly self-righteous of New England households. 

Let not the reader hasten to conclusions based on meager informa- 
tion. All economists are agreed that the only reason why any one man 
works for another man is because the hired man does not know enough 
to be the director of his own labor. And, incontrovertibly, the employer 
being wiser than the employed, the wisdom of the employer should be 
applied to the benefit of the employed, to some extent at least. 

So far, the Ford Company's efforts to be of real service to its toilers 
has been productive of absolutely nothing but good, with no qualifying 
addendum whatever. 

Hiring Ford Hanus 

Eleven form blanks of prime importance are used in hiring, working, 
and discharging hands, and keeping needful workmen's records. There 
are, of course, a vast number of other form blanks relating directly to 
labor in use in the Ford shops, where at least one-half of tlie clerical labor 
goes to prevent carelessness and dishonesty, but the eleven here specified 
are vitally needful. 

The Employment Office 

The employment ofiice is in charge of one head, who has one assis- 
tant, one interpreter, one record keeper, and one typist. The special 
feature of the ofiice furniture is the workmen's record-envelope filing 
cabinets, in charge of the records keeper, who at this date, March 26, 
1914, has about 108,000 hired, discharged, quit and laid-off records on 
file, the records being complete, and containing one envelope for eaeh 
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w orkiiLiui truiiiloyed liy the Ford (Company since the time of record csUl)- 
lidiiuenU 

The minor cc|uipmcnt5 of ihc employment ofEw^ include a board on 
which hiiii^ ruhlicr .ntamps designating farlorj- departments, a vertieal 
wall-file of trades, to be displayed on the MimchL-sler Aveuuc dour as 
occasion demands, and chairs for waitini. employment applicant,, 

The Ford Imdge, here shown full size, is a piece of sheet Cicrman- 
gilver stamping, with a *ipnng safely pin and ealch (ixihI on ils baek, 
Thu high numcrolfl, fcmr-plaee*^, are 9,fM)9 and prefiieed letters ?ieparato 
the badged into series; any desirable number of these 
badges, always with the same serial letter, may be 
Hti^igned to uny one departments and the ^ame i^cTial 
letter numbers may cover several depurtmcutj^, each 
deparlment iiaving assigned to it as its own belong' 
ing, numbers in serial rutallons, as, say, C-1 to C- 
100, for one department, followed by C-401 Lo C-800 
for some other department. Ah Ford employees paid 
froni the liuie-lceeper's i*flire must wear thi» badge 
(which bears the same number as the time-clock 
ticket), must pass the time-clock y^b.<^n entering or leaving, and arc 
known by the badge number unly on the Ford Ume-keephig and wage- 
paying records. 

Pat-Day 

Every day is pay-day for some part of the Ford working force, and 
the entire luue-kcrping ami pay-rnll i^utine is ordinary practice. The 
pay is made up uul^c iii two weeks. 



The Ford B»dge 



Advasck Pay 

A private memtjcrslnp association, in which no subscriber is per- 
milled to invej^t more tlian $2 per month, membership open lo all, 
advances monoj" to workers in need, at the rate of 10 cents for the use 
of *t'> for from one to thirteen days^ all loans charged against pay-roll 
eredits and pai<l next pay day. This makes tbe membership borrower 
his own luan-*iharkj as the prolits from advances go wholly to tlie asso- 
ciation subseriticrs. Of course, the forc-handcd aubscnbcr who never 
asks advances is the greater gainer, but it is far better for the man who is 
forced to sulicit a luau to apply to an assoelatiuu of which he himself is u 
mcmlx^r tJian to go to an outside Shylock for assistance. 
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The Employment Departmenl. Indivifluat Records Are Kept in the Cabinels in 

the Background 



Employment-Department Records 

lese arc kept in ciivc'loprs, witicli arc filed in imlcx hoxf^s, and have 
an alphabeticsil iiidi-x based on the firftt Uircc letters ot the surimme of 
the worker, past or prc^icnt. 

The employment office receives and files a very large number of 
einployment-reqnewlini^ letters, and upon petiuisilion for labor first rufeni 
to this npplicantii' letter file, and if it tloei* not obtain men enough Ihere- 
fronu next lUiikca application to liie Manufacturers' Association of 
Delroil, (if whirii tlie Ftird Mot.iir Company is a member, aiul so eniii* 
mnnly fills all denmnds for labor promptly. 

Factouv LAHdit RKgrirtiTioNs on the Employment Dkpartment 

Fornterly* any depurtmcnt foreman could make direct requisition on 
Uie wnploynient drjiarlment for more men. This practice htxs bei^n 
ehungeil, llie department foreman benig now required to forward Itibor 
requisitions to the machine-shop heads, who then notify the employ- 
ment department of the deparlnicnl foreman's reqmaitiun, thus placing 
re4po[isil>illty on the nia<-!iine*shop lieads, instead of on the departineiil 
foremen. 



T01U> METnODa AND TlTE rOBD SHOPa 
FoiIiiMEN 

March 0, 1914, the Ford mnchiue-shop 3upcriDteiiciciitf> had umler 
tlicir dirccUon II dcpftrlmciil forcmtrn, tl^ job foremen, 81 iussistant 
forrinen, am] f)ft siilt-forvtnet), &*j5 men in all ^Itove the nr.rik uf ordinary 
workmen, and all hnving the power of discharging workmen nt will. 
The sub-foreman ia also known in the Ford shops as the "straw boiw," 

DlSCUAfiC:K PUOTEUT 

Unlil within thi* hwti twelve months dischiirge by nny foreman was 
ab^lute and fimih Tlie '*strnw bows," one grade iibove the ordinary 
workman, seems to have l>een inelined to accentuate his s]i|,'ht elevation 
by **pcrsomLl feehng'' discharge of his subordinate!*. This was before 
the bonus day, wlien men werif nf»t clinging to llielr Fnnl jubs ius they 
arc now, and the straw bossV arbitrary discharge brought about such a 
condition of labor affairs that at one time Ihe Ford M<*tor Compuny was 
liiring iiboul .'jOO new men per day 1o maintain a working furi^e uf Hl>uut 
15,000. 

The straw boss had to have the right of disohnr^ to tfivc him author- 
ity, and, indeed, it is one of the traditions of labor employmeni Uiat 
discharge by any superior is final as against Liie workmen. But the dis- 
charge of old handii and hiring in of new men to replace the diflcharged, at 
the rate of 500 per day. is a costly affair, and it was finally decided to 
givt" the disclmrgf*d workman n right ot jip|K*al to an impartial tribunal. 
This innovation showed its working value by an immediate reduction of 
the foremen's labor requisitions on the cmploymcuL department. The 
diseluirgi^ workmen fought the discharge, the discharging foreman had 
to show good eauM:^ for liis act, and of course, became very careful to be 
sure of cause before acting, all with llie liighly desirable result of reduc- 
ing the daily average number of hands now, March, 1911, discharged 
or taken on, to alioul five or six per day each way, in or out- 

Thiswholematter of the straw boss is of much importance to the fac- 
tory manager who wishes to cheapen component production in rcpeti^ 
lions by lh<* use of spceialized laliorers. and at the same lime desires to 
pay the specialized laborer skilled-labor wagCn The monotony of repet- 
itive production can be alleviated only by a satisfactory waqc-ratc, 
and is, perhaps, much more easily endured hy immigrants, whose home 
wage stooti w.nncwheix" about 00 wnls for 10 hours' work, than by native- 
bora Americans, The straw bos» is indispensable where the immigrant 
is the principal worker. 
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F4>nl Hotot Cmnpanj EmplojnMAt Reconi 



No. 



KfDU 



Fietcol Addnu 



Home Addreu 



Aft 



Uitiird 



The high mark of the Ford employment department was 52C men 
hired. This number fell off 200 almost immediately after the discharge 
appeal was inaugurated, and has now dropped to what appears to be 
about the legitimate normal. Evidently the straw boss, sure of the 
finality of his discharge, became a malevolent despot, but at once came 
to his senses when he 
was forced to show 
good grounds for dis- 
charge. 

I cannot forbear 
here repeating my 
statement that the 
successful results of 
the Ford Company's 
unp recede nted 
methods of utilizing 
unskilled labor in 
skilled repetition- 
production are of the 
highest interest, and 
should be fully de- 
tailed for careful 
study by all large 
employers of repeti- 
tion workers. 



CtiUdttlt 



Easljsh 



UfpFodent on yoiL. 



Td wlui Client 



Ht*e you evfr worked foT Ford Uolor Cg.P., 
L*it employfd 



Sight 



Hearing 



HtT? yoD in> diKiK or permanenl di»bi1ily at have joa ever Dndersme bbj 
iDFgicu op«ntioD, brok?D bonei, elc? 



I 4a4i»« ami Wunal Ikat Ua marnmrt mad* fe«nlk BH »«X*Qt am 



.•a 



IbT B^aU ram a* luK Ul baoaaa put si hj eaatnal ef vnplafBdl ui lk>l Uf 

■mVma kuwob wUl naimr lb* VBItrftH *b1I VH- TaU, ta* J k*»lT ■!••« to tiinmi 
■■bj«rt H tt« pnnAH ttAutM^vtat hbua Att^imtn iM iw tf ui^ at mok 

Sica»iiir« -^-^- - ..«^..— — -* .— — . . — — — III — 



Dcpirlinenl 



.OccDjiitioD 



Raic 



( SkilL^ 
( Hourly- 



. Fornnu 



HiKd bt 



Dm Surtcd 



-Tlnw Sluied- 



IfeiOD- 



FoRD Pay Rolls 

There are two 
Ford Company pay 
rolls, the adminis- 
tration building pay 
roll and the factory 
pay roll. Tlie facto- 
ry pay roll is made 
up in the factory Employment Record 

time ofGce, from factory time-clock ticket records. The administration 
pay roll is made up from administration building time-clock tickets, 
by the administration building paymaster. 

The administration building time clocks are placed in the basement, 
the men entering to south of main entrance and the women to north of 



48 



FORD METHODS AND THE FORD SHOPS 





PAY CHECK 




INSTRUCTIONS 

nil PAY-OflTK muM be c«hd br dM OMH. 

If lot, dK riDK-Kr^pfx ilioiJd U BodM 
BBmbtitBlr, tad if k hu bcri bceik uikcd pnotf ID 
dv nodfiarioa, piymcDt wiD be Hopped lad ■ dcv 
ckedi utued to the toMf . 

Tbe O^IPAMY «ai but be Xf^^at^a fe« tbt 
tw of per due t» tb« a^^z of du PAY-CHECX 
nliiD pnmtoJ bj die vnof pertj. 

THIS SIDE FRONT 


RSCOVED PjmiENT 






Fh N*^ 711, -« . « 

PAY wmif>^iuC-Sd^./.fJ4 

No. C-9199 

NAME 
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■HTItA 




IN 


OUT 
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Ford Clock Card, Face and Eack 

llie number aod d&le are inserted by rubber aUmps- Ifuled fiUie prioted la black — reverse in red 



main entrance, through basement doors, passmg the time clocks and 
making their time-card records. 
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lutematioaal Tinic Clock and Time-Card Racks^ at Manchest&r Avenue Entrance 

to the Machine Shop 



Returning to the Ford employmenl-dcparlmenl routine, the appli- 
cant, having obtained medicaUdepartmont approval, returns to the 
cmjjIoynK'iil depiirlmeiU and gives the replies needful for jBlling the 
employment record form, printed in black on white pnper, 5 inches 
wide by 75>( inches higli, reproduced on page il on a smaller scale* 

Tlietrrtiployitient leenrd infilled hy tlie employment departnienl^ ami 
reeeives the applicant s M^atiire in the indicated space. Next, the 
employment depjirtmrnt selects ei badge and clock-card number not then 
in iJs*T in the departmnit to whirh the applic«nl is a-s^gneiE, fills the 
name space and also 611s out an identification ticket* separates the iden- 
tification-ticket coupon, imd files il by date. This coupon seems to be a 
negligible item, snid to be "seldom referred to." The clock card and 
identification liekL^t i\re then given to a nicsseiiger, who first takes the 
applicant to the purlicuhir tune clock tjelonging to his shop location, 
where the messenger instructs the applicant in the art of making; clock 
records on the cluck card and leaves the eloek card in its rack. Prom the 
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time clock the messenger then guides the applicant to his department 
foreman, who receives and files the apphcant's identification ticket, 
which act places the applicant in work. 

TiH£ Clocks 

All clocks are electrically synchronized with one master clock, which 
is kept to Western Union time, and all time clocks are supplied by the 
the International Time Recording Company, of Endicott, New York, 
price $250 each. One hundred and twenty-nine clocks are in constant 
use, and there are six spare clocks, all under charge of one individual* 
who visits each clock daily, examines it to see that it is in working order, 
and, if not, replaces it with one of the spare clocks, and as soon as may 
be repairs the faulty clock* 

The Clock Card 

This is a regular International clock card, printed in black on one 
side as here reproduced, and in red on the other side, save the serial letter 
and number, which appear in black on both sides. The card body is 
stiff manila 3^^ inches long by 9 inches high, with workman^s pay 
check coupon at top, 2Via inches high, and duplicate timekeeper's pay 
record below. 
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This clock card is used as follows: 

The first time the workman makes a clock record on his card he 
removes the coupon pay-check, and retains it until paid; the regular 
pay-day is five days after written date on card. If the workman loses 
this coupon he notifies the time office at once, where payment is stopped 
on the lost coupon, and upon convincing evidence the time office issues a 
duplicate pay-check coupon to the workman, who is penalized for care- 
lessness by an added three days of delay in pay-receiving. All clock 
tickets are removed daily 
by the time-office manager, 
who takes them to the time 
office where the time is ex- 
tended into the right-hand 
column of day spaces, and 
the time office returns the 
clock card to the clock rack 
in time for the next record 
by workmen. All clock- Identification Ticket 

11 11 The Letter la stamped in red 

card racks are covered by a 

door which is kept locked by its department time keeper, who opens it 
30 minutes in advance of bell-time, and stands guard over it until 
the ringing of the time-bell, when the department time keeper closes 
and locks the clock-card rack door. This routine has been forced 
upon the time office to prevent fraudulent practices of workmen in mak- 
ing clock records. One clock card remains in the rack for 14 days, and 
is then removed to the time office, which fills a new clock card, same 
badge number, and places it in the clock rack, ready for the next 14 days' 
time-clock record. 



Record-of-Emplotee Envelope 

Substantial manila stock, open at right-hand end, with fiap, not 
gummed; size, 6 inches wide by 4 inches high, printed in black, on one 
side only, as here shown, 

So long as any pay is due workman, this record-of -employee envelope 
is kept on file in the time office. When the workman is paid in full, and 
leaves the Ford service, the time office encloses a "Discharged" form 
in the record envelope, crossing out the "discharged" and filling in the 
"reason" space with appropriate record if the man quits of hia own 
notion, and then sends the record envelope to the employment depart- 
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ment, where it is filed under an alphabetical record of the first three 
letters of workman's surname. 

Identification Ticket 

Size, 5 inches long by 2j^ inches wide» witli coupon at left end 1 inch 
wide, large letter in red, same on coupon and on body. Filled by em- 
ployment department- Coupon filed in employment department, body 
sent with applicant to department foreman, who places man in work by 
act of filing body of 
identification ticket 
in foreman's cabinet 
file. Material, stiff 
white cardboard. 

The red letters on 
the identification 
ticket are the serial 
letter of the work- 
man's badge num- 
ber. The identifica- 
tion ticket is filed 
and permanently 
retained by the work- 



IP REPORT OF Persons transferred 

To mm M*m«ii n^^w tqi — 

i HAVE TRANBFTORKD 






To " ** PLAhT A« A. 



To Takk KPncT_M- . ., ini_ J4EW No. 

RAAKM ^ ^ 



SlOHCD O. K. 



Transfer Report 



man's foreman save in case of workman's transfer to another depart- 
ment, when it goes with the man to his new department, where the 
identification ticket is filed by the foreman as before. 

Recommendation for Advance 

Printed in bla^k on one side only of pale pink form, 5j^ inches long 
by 3)^ inches high. Filled by applicant's foreman, sent by foreman to 
superintendent's office for approval, and then sent to time office, where 
it is enclosed in workman^s record envelope and held so long as the man 
remains in the Ford service. 

Transfer Report 

Printed in black on one side only of yellow paper, size, 4^^ inches 
wide by 3 inches high. Filled by workman's foreman, accepted by 
department superintendent, transmitted to time keeper, filed in work- 
man's record envelope in time office* so long as man remains in the Ford 
service. 
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Discharge 

Printed in 
black on salm- 
on - colored 
sheet, 5}/2 
inches wide by 
Sl4 inches 
high. Filled 
by foreman, 
and given by 
foreman to dis- 
charged work- 
man, as war- 
rant to pay- 
master for in- 



stant payment; taken up by paymaster on payment, filed and held 
by paymaster. This "discharged" form does not go into the work- 
man's record envelope. 



Report of Departmental Discharge 

This form became necessary when the workman's right to appeal 
from discharge by foreman was inaugurated. The foreman can dis- 
charge a man from his department only. The man may protest hia 
discharge and seek employment in some other Ford department if inves- 
tigation proves 
him worthy. 



Discharged 



NAME, 



NO., 



To Take Effect_,.__ M. 



JD13, 



TAKE THIS NOTICE WITH CLEARANCE 
CARD AND PAY CHECK TO PAYMASTER 
AT ONCE. 



Disdutrge 



Upon dis- 
charge by de- 
partmental 
foreman, the 
foreman fills 
out Form SCS, 
addressed to 
the employ- 
ment office and 
by him trans- 
mitted thereto, 
accompanied 
by the man'a 
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To EMPLOYMENT DEPARTMENT 



HO^ 



NAME 



OCCUPATION 



OA1 



Hinm 



HIRED AS 



MEMO. 

■Df P LATOT lOIHtlPlClkTiOH TICKET W>TH HII». 
FAT! FUU. AND ACCUItATr HfAVOMA WHT TtW CANNOT U 



identification ticket and clock card and the workman himself* The man 
may then protest his discharge to the head of the employment depart- 
ment, who passes on the case and may either make the discharge final, 

or decide that the man 
may be a worthy ser- 
vant. In the latter 
case, he files the man^s 
name as an applicant 
for Ford service, and 
if possible places the 
man at oncein another 
department, using the 
" Report of Persons 
Transferred'* form to 
place the man in work 
in his new depart- 
ment. 

Departmental 
Discharge Form 

The word'* Over," 
lower right comer, 
merely gives room on 
the back for added 
discharge-causes spec- 
ification space, should 
more space be needed. 

Size 5 inches wide 
by 7^ inches high. 
Printed in black, on 
white paper. 

This foreman's 
discharge notice is 



■lartiD fer Fdhmai 



D«PT. 



DATE 



TIHK 



-OVER- 



Departmental Discharge Form 



held and filed alphabetically in the employment department for future 
consideration, in case the man should be again discharged by another 
departmental foreman, and should again protest his discharge. 

Time Tickets 
For convenience in accounting, the Ford Company uses two "non- 
productive" time tickets, and one '^productive" time-ticket form. 
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The "non-productive " time-ticket form having the more extended use is 
shown in Form 759. Form 764, "Time Ticket, Tools and Patterns," is 
used as specified, while Form 915, "Productive Time Ticket," is used for 
all persons directly engaged in Ford car production. 
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Form 759 for All Unproductive Time Except Tool and Fixture Draftsmen, 
Tool Makers and Pattern Makers 



>i 



il 



K 






UT.lh 



Form 764, Time Ticket, Tools and Patterns 

Fonn 764, "Time Ticket, Tools and Patterns," is used for tool and 
fixture designers and draftsmen, wood-pattern makers and metal-pattem 
makers, and tool-makers. It is a stiff manila card, printed in black, one 
side only, size S% inches wide by 6^^ inches high, shown here reduced. 
Form 915, productive time ticket^ is used by all workmen or workwomen 
directly employed in production of the Ford car. It is a stiff manila 
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card, printed in black on one side only, size 3^ inches wide by 6^^ 
inches high. 

Form 759, This form of non-productive time ticket is used by all 
Ford employees save tool and fixture draftsmen, tool-makers, and pat- 
tern-makers, who all use Form 764 time ticket. Form 759 is a stiff 

manila card, 6j^ inches wide by 
3^ inches high« printed in black. 
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Change op Address 

The Ford Company prints in 
black, on white paper, one side 
only, size 5 inches wide by 2^^ 
inches high, a notice in these 
languages: English^ Italian, Ger- 
man, Polish, Greek, Turkish, 
Russian and Roumanian, and 
places it in the hands of every 
employee whose name is on the 
pay roll. Great inconvenience 
was at one time experienced from 
failure of hands to give notice of 
habitation change. This notice, 
in the eight languages mentioned, 
is reproduced on page 59> 

Better Advantage Notice 



Productiye Time Ticket 



This is a request to workers to 
advance their own and the com- 
pany's interests by advising foremen of the workman's own opinion 
of his most useful sphere of activity, Mr. Ford wanted a Swiss watch- 
maker for work of his own, outside of the shops. One was found, run- 
ning a drill press. The heat-treat department wanted a skilled fire- 
brick layer, for furnace work. He was found, also running a 
drill press, proved master of fire-brick handling and construction, 
and now holds the position of general inspector of furnace con- 
dition and furnace repairer, very much to his own gain and that 
of the company. 

The man who is down and out is, as a rule, little inclined to talk 
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when he has faced starvation and has obtained work which puts food in 
his mouth. This form of the Ford Company goes to every worker, and, 
while it simply offers to use the man for the Ford Company's best pur- 
poses, it also gives the man the hope that his own best estimate of him- 
self will be gladly listened to by his employer. This is a wise and kind 



FORD MOTOR COMPANY EMPLOYEES. 



We rcAliK that quite ■ number of oar men m qualified 
to do different wort, other than that at which they are at pica- 
cut engaged; in other words are working out of their tradea* or 
regular linea, of employment, as foUov^ prcvioiu to comiitf 
to work for thia company. 

Kindly notify your foreman juat what yoa ora beat quali- 
fied to do, aa we may be able to uae you to better advantage 
claewhere. 



SHPLOVHENT DBPARTU&NT 



Better Advantage Notice 



OCCUPATION BECOSD 



ndnj>viaf40- 



.HAiia. 



ADoaaia, 



tMruoyttt 
IN pa^-f, 

mHQ or 
wcmK HtaT 
ADAnaa ron- 



maaaHT 

DCCUPATIOH 



aiTTiNT or 

DPBlllBHCl. 



Occupation Record 

encouragement to the worker, which is probably always of value m case 
of immigrant employment. 

To meet the requirements of this request, Form No. 947, "Occupa- 
tion Record," is provided and given out to employees, to be filled and 
signed by any employee and given by him to his foreman, who may 
transfer the applicant to a more suitable department, or send the filled 
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and signed occupation record form to the employment office for suitable 
attention. The "Occupation Record" is a stiff white card, 5 inches 
wide by 3 inches high, printed in black on one side only. 



Ford Employees Who Do Nor Come in Through the Employment 

Department 

Administration building department heads select their own depart- 
mental assistants and office help. 

Ford Factory Women Workers 

About 250 names of women are on the factory pay roll; their time is 
kept at the factory time-keeper's office. Applicants are invariably 
friends of employees, and make personal application to forewoman of 
department they wish to enter. In case the forewoman views the appli- 
cant favorably, she fills a regular application for employment form and 
sends it to the employment department, and the routine is then the 
same as for male applicants. The women workers have an exclusive 
entrance at the northwest comer of the factory, from Woodward 
Avenue, 

Ford Plant Work Hours 

March 9, 19H, work hours and labor recompense at the Ford Motor 
Company's Highland Park plant were as follows: 

Eight hours constitute a day's work. This rule is rigidly enforced, 
save in maintenance or alterations, where the workmen are forced to 
work such hours as factory conditions demand or permit, making 
avoidance of overtime impracticable; in case of maintenance and altera- 
tions overtime the pay is one and one-half day rates. 

For sufficient reasons the working hours of day-wage earners are 
fixed as follows, at the present time. 

Office-Force Hours 

* 

Begin at 8:15 a. m., work to 12:00, noon, take one hour for lunch, 
begin at 1:00 p. m, and work to 5:15 p, m., making an 8-hour day. 
Males over 22 years of age contributing to the support of others and of 
"approved" personal conduct, receive $5 for S-hours work. No over- 
time. 
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NOTICE TO ALL EMPLOYEES 
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Change of Address Notice, The Eight Slips Are Shown Here in Oae Group 

Girls and women, of whom there are many employed in the adminis- 
tration building, draw a minimum rate of $65 per month. This rate was 
$40 per month previous to the bonus declaration of January 5, 1914, 

Department heads are reeompensed by salary and bonus both, in 
varying sums not made public. Previous to the bonus declaration 
officials had a three weeks' vacation with full pay in each summer- This 
vacation gift is now withdrawn, all vacations being had at the vacator^s 
own cost. 
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Factory Workers' Hours 
Factory workers may work in oncj two or three shifts, 

Three-Shift Hours 

Shift L Begin at 12:00 midnight Stop at 8:00 a. m.; 10 minutes 
giftfor eating, from 4: 00 a. m. to 4: 10 a. m. The workers do 
not leave their places during the eating time» as a rule. 
Shift II. Begin at 8:00 a. m. Stop at 4:00 p, m,, with 10 minutes gift 

for eating, from 12:00 noon, to 12:10 p, m. 
Shift III. Begin at 4:00 p, m., work to 12:00 midnight, with a gift of 
10 minutes eating time, from 8:00 p. m. to 8:10 p. m. 
At the time of this writing, March 9, 1914, the core-makers, the heat- 
treating men, the watchmen, 45 in each shift, and the watchmen's rec- 
ord keepers in their room in the administration building, are working 
three shifts, the full 24 hours. 

Machinists, Car Assemblers, Testers, Shipping and Stores — 
Receiving Force, Laborers, and Truckers, Working 

Two Shifts 

Shift I. Start at 6:30 a, m., stop at 10:30 a. m.; take 30 minutes 
of their own time for lunch, start at 11:00 a. m., and stop for 
day at 3:00 p. m. 

Shift IT. Start at 3:30 p. m., stop at 7:30 to eat^ taking 10 minutes 
of their own time; start work at 7 ; 40 p. m., stop 11:40 p,m»; 
29 cents per hour is the low wage rate; over 22 years of age 
and aiding in support of others and "acceptable,^' $5 for 8- 
hours work. 

Girls and Women in Factory 

One shift only, 32 cents per hour minimum wage. 

Start at 7:30 a. m,, stop at 12:00 noon, taking 45 minutes, own time, 
for lunch; start at 12:45, stop at 4:4d. 

Saturdays, start at 7:30 a, m,, stop at 11:30 a. m. Work 44 hours per 
week, full time* 

Draftsmen 

One shift, from 8:00 a. m. to 12:00 m- Take one hour of own time, 
start at 1:00 p. m-, stop at 5:00 p. m. 
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Others Working One Shift Only 

From 8:00 a, m< to 1^:00 m.^ 30 minutes of own time for lunch; start 
at 14:30 p, m., work to 4:30 p. m. 

If over 24 years of age and contributing to support of others, and also 
"acceptable," $5 per day of 8 hours. 

What is here detailed as to the relations of employer and employed in 
the Ford shops does not in any way or at anypoint cover the subject^but 
will enable the factory manager who follows these articles to form a gen- 
eral conception of the Ford animus toward workmen. At the date of this 
writing, March 28, 1014, 573^ per cent of Ford workers have been pro- 
nounced "acceptable," and have been placed on the pay roll at "bonus'* 
rates, which in many instances bring the workman's pay close to that 
of his foreman's. Naturally, the foremen are looking fonvard to some 
"readjustment*' which will recognize their own superior value to the 
Ford Company. Prophecy is out of place here. It is the eventuation, 
the grand average of final eventuation, which interests the world at large. 

The Ford Company has no socialistic leanings, and is not making any 
claim to placing a shining example before the world's employers of 
labor. It simply has the cash on hand, and believes it will continue to 
have the cash on hand, to try to help its own hour-wage earners in its 
own way. That is the whole story up to date. 



Chapter III 
HOW THE WORK IS DONE 

A DETROIT daily newspaper not long ago printed a stoiy anent 
a new farm tractor, said soon to be placed on the market by the 
Ford Company, and added, in tlie fulness of reportorial wis- 
dom, that while the Ford factory was at present equipped for building 
Ford ears only, yet all of the machine-tools had been designed with 
such cunning foresight that "by merely ehanging the dies" they would 
produce farm tractors just as well as they hud before produced Ford cars. 

Probably the average Ford factory vi^sitor has the same general 
broad conception of tlie "How" of making 1,000 automobiles (it Is now 
more than 1,100 automobiles) per day. 

The man who really knows anything of the entrails of a machine 
fihop, who knows that nothing, of advantage, at least, ever "happens" 
in a machine shop, has plenty to think about as he stands at the "start- 
to-run'' end of the Ford chassis assembling lines. This man of expe- 
rience asks himself how the component production is evened up to assem- 
bling requirements. Here are, say, from 1,000 to 4,000 separate pieces of 
each chassis component to be supplied daily, infallibly, and constantly. 
How is this done? 

In brief, first, by unremitting record-keeping of every finished com- 
ponent produced. Hour by hour, with endless toil and pains, an abso- 
lutely correct record is kept of the Ford component production and of 
the Ford factory out-put. 

The factor of safety of component supply is placed by the official 
production head at a suSiciency for ^5fiOO cars, a month's assembling 
supply at the production rate of 1,000 cars per day. This is official, but, 
as will be seen from the "shortage-chaser" story, the factory practice 
does not follow the production-head schedule, but quite to the contrary, 
places a maximum component supply at a sufficiency for 5,000 cars, 
three-days' assembling, with a danger Une at components enough tor 
3,000 cars. 
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la it easy to hold these figures by accurate factory superintendence 
and accurate production accounting? 

Easy or difficult, the accurate factory accounting records are made, 
but are not used for emergency decision in directing component produc- 
tion. 

Seeing is believing, T\Tien a Ford car assembled-component assem- 
bler suddenly discovers that his requisition on finished stores for com- 
ponents wanted at once is not filled because there are no such compo- 
nents in finished stores, no grand conclave of factory accountants is 
summoned. 

Quite to the contrary, a brisk and intelligent young man, styled the 
*'Shortage Chaser," whose face already begins to show fine lines etched 
by the stress of concentrated attention, boards the department drifting 
within sound of breakers, seizes the helm of component production, and 
pilots the department into smooth water again — sometimes but barely 
escaping the surf-line, it is true, but yet always managing to escape dis- 
aster. 

The Shortage Chasers 

In point of fact there are two shortage chasers — the day shorta^ 
chaser, and the night shortage chaser who combines shortage chasing 
with other duties from the time he goes on duty at 3:30 p, m.; he stops 
at 7:30 p. m, to eat 10 minutes on his own time, begins again at 7:40, 
and works to 11 :40 p. m. 

At 3:30 p, m. when he goes on duty, the night shortage chaser first 
inspects the day shortage-chaser's final report, made at 4:30 p. m,, and 
is thereby informed as to the condition of all assembling departments 
which are working through his shift, the day shortage chaser specifying 
in his 2:30 p, ni. report what component production is most needed and 
specifically calling the night shortage-chaser's attention thereto. Guided 
by the day shortage-chaser's report, the night shortage chaser urges the 
most needed component production, has checkers and counters under 
him, and fills' tags authorizing the removal of finished components from 
their production department to the assembling department which needs 
them. Before leaving at ll:4fO p. m. the night shortage chaser makes a 
record of components which he has moved from a production depart- 
ment to an assembling department, for information of the day shortage 
chaser, who comes on duty at 6:30 a, m- 

The usual number of reports made by the night shortage chaser to 
the day shortage chaser is about six. 
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The ShorUge-Chaser's Desk, Shortage Chaser at the L^ft and Clearing-House 

Chief Clerk at the Right 



The Day Shorta«;k Chahkh 

The storv' of the shortage chnser must be told ns Imofly as U consts- 
tenl with intollipibility- His d<^ftk is about 50 ft-el north of tlic niachinc- 
sbop siipenntendcnl'^i offire; hr ha** a desk and oiu^ n^^nistiutL 

At 6:30 the day shortage chaser, henceforth specified as "the short- 
age chaser" only, first inspects the night reports, making notes ot itii- 
pcnriing shortage: next he notifies the ''checkers" who direct the move* 
meiits (if c*niip(menls rcporti'd at or lielovv the li.fKIO danger linnt; this 
is done at 7:00 a. in., the shortage chaser makiQ); u personal deliver>* of 
his own pcmnl meniorftnda to l!ic proper "cheekerSp" Next the busy 
shortage chnser goi-» in iH^rsoii to cnrh A^Kcrtibhng station re|H>rting 
shortages and ioFornu hiiiiM.'1f by iRTSonnl observation of shortages— this 
because the fimil reports were modi' to eonipoiienl-prodnctiori oflit-ials at 
2:30 p. ni. of tht' previous day. Being then advist^d of actual ccmdilioiw 
by periuinal i>l)^rv&tioii, tlie shortage chaser gVM^ U> tllt^ fomnBiri of Uil* 
machine department pro<liicing the most needed component, informs 
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Office at the Cleanng House with Shortage^Ctiaser's BUckbtiaxJ^i 

The name office ui lUcd by the tr<^jirmE stock auiipriattiiJciir fjrtftmlinj at tlii^ riuht of tiic picture) Aliil the 
i^LciifiEilE'iiuUac IjouI raciLtvd ui iIld iar^ tiifk in ibr imtrrl, 

him of conditioiL^, and from tbjs department ftjreman to such other 
department foremen as he may deem needful to see in person, say from 
three lo leii tiiilividiiHls. Nt-xf the sliortage chuscr iiijikcs his S:;JO «. iik 
report ftt the checker's office by wTilin^j the same on his eheekcr's offico 
blaekhofircl, iO inehos wide hy 40 inches hi^h, with 59 lines for wTiting 
m clinlk. ()n this hlaekhoanl llm L-haSf-r TniLk<.\s lii.s n-porls hy first 
injienhing eaeh synihol Htid following tlie sjiobol with ninnKers of this 
individual eompoiicnt finished *^inee 6;30 a. m. of the current day. 

This blaekboiird record i^ then iyp^ in manifold in Ihe clearing 
house; one ci">py is si'iil Lo i-airh depart in (.-nt foreuuin interested, and one 
copy is sent to the shortage-chaser's desk, those t>ped report copies being 
dbtributcd at about S:40 a. m. 

The next succeeding morning the shortage chaser compares liis short- 
age reports for that djiy with the typed record of his shortage reports 
mode on the blackboard at 8:50 of tlie previous day, lie adds, in pen- 
cil, to the typed report of the day before such shortages as may be 
reveaied by iht; reports of the current day, and delivers this added-to-in- 
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pencil typed list of yesterday*s shortages to the clearing house tag-blank 
filler, who is a clearing house officiate but is placed at the shortage- 
chaser's desk for speedy communication. His duties are explained 
below. 

The day shortage chaser makes three reports daily to the clearing 
house, at 8 : SO and 11 : 30 a. m. and ^ : SO p. m. 

From 6:30 a. m. to 11;30 the shortage chaser covers all factory pro- 
duction departments and all assembling departments, and at 11 :40 a. m. 
he chalks all production results from 6:30 a. m. to 11:30 a» m, on the 
clearing house blackboard. The shortage-chaser's clearing-house black- 
board reports are thus made the guide for the activities of the checkers 
and counters and the checker's truckmen in moving components first to 
such departments as are most in need of replenishments. 

Having made his 11:30 a, m, reports on the clearing-house black- 
boards in the stock superintendent's office, the day shortage chaser then 
again turns his attention to such assembling departments as most need 
his presence, and at 2:30 p, m. makes his final blackboard records in the 
stock-superintendent's office, which is also the "clearing-house" head's 
office- 

The Clearing House 

The function of the "Clearing House" is to initiate and control the 
movements of foundry finished product, in the form of snagged and tum- 
bled, patched and sand-blasted castings (forming the entire finished 
product of the foundry), the completed machine-shop departments 
product, and the products of the snagging department, pressed-steel 
department, bushings department, magneto department, fender depart- 
ment, gasoline-tank department, coil-box department, brake-band de- 
partment> muffler department, and painting department, which finishes 
certain components checked into and out of the painting department by 
the clearing-house checkers. 

Clearing-House Officials 

The Clearing House has one head, one chief clerk, stationed at the 
shortage-chaser's desk, and above referred to as the tag blank filler, thir- 
teen "checkers," and fifty "counters," under the checker's orders. 

The Checkers 

When any component production department has completed a pro- 
duction orderthe department foreman reports to aclearing-housechecker 
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orally, and the checker then takes one or more counters, as may be 
needed, with him to the production department and there proceeds to 
count the product into suitable receptacles, to enter the quantity on a 
proper tag, and to wire the body of the tag, or all of the tag, to the com- 
ponent receptacle, to serve as a direction for delivering the compon- 
ents to the proper department by crane, 

"* (SVS) \ ^^^'^ ^^ ^^ otherwise, and he also takes 

such other steps as are needful to give 
the clearing house a record of the com- 
ponents transfer, all as fully detailed in 
the description of the use and functions 
of the clearing-house tags, presently 
following. 
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Clearing -House Original ItECORDs 

These are all made on wired tags and 
the coupons of these tags, presently to be 
described as to forms, colors, and functions. 
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The chief clerk is the responsible offi- 
cial of the clearing house, who collects, 
compiles, and separates into appropriate 
groups and divisions all the tag records 
which comprise the entire original records 
of tlie clearing-house transactions. 

The clearing-house chief clerk is sta- 
tioned at the shortage-chaser's desk and 
has three clerks and one messenger. The clerks are located close by the 
chief clerk» and are employed solely in transferring production records, 
taken from tags filled by checkers, to certain " record boards " and books. 
Each day's component-production records for the entire factory are 
completed at the end of each day, but the chief clerk consults the 
shortage-chaser's clearing-house blackboard reports, and also the 
shortage chaser himself, to aid in producing completed records of 
components which are short, first, before completing the records of 
components which are in good supply, so that early attention will be 
given to shortage productioiL 
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CLbARlNG-HoOSE TaGS 

The only form blanks used by the clearing house are wired tags, suit- 
able for attaching to component receptacles. Their size, color, and use 

are as follows: 

Form 708, Blue, With Coupon 

Filled by checker in a production department from counter's report 
to checker, body and coupon both; checkerseparates coupon and sends it 
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Form 820. Rush Tag Partifll Quanti^ Tag 

Form TOfl ia similar to Form 8110, but ifl rod in color uid ifl used for mucbiDe-Afaop component! 

to the clearing-house chief clerk, and then wires blue tag body to the 
component receptacle, which then passes into control of the shop trans- 
portation system. Used for components produced in the machine shop, 
only. 

Form 708, wired blue tag, 3J^ inches wide by 6% inches high, 
coupon 27ie inches high; stiff card, printed in bladt on one side only, 
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with duplicate serial numbers in red on body and coupon. Used for com- 
ponents produced in the machine shop only, which may be delivered 
either to the finished-stock department or to an assembling department^ 
"Stock Advance" Tag, 

Form 709, Pressed-Steel Components 

Form 709 is same as 708 in all particulars save color, which is bright 
green, serial numbers in red. Its use is the same as that of Form 708, 
save that the component originates in the pressed-steel department. 

Form 705, Deep Red, Rush from Machine Shop 

Used for components produced in the machine shop to be delivered 
directly to an assembling department. 

Two coupons are filled by the checker from the counter's report. 
The checker removes the end coupoa and sends it to the clearing-house 
chief clerk, who transfers the record to his production records. The 
checker also removes the second coupon and sends that to the finished- 
stock department. He then wires the body to the component receptacle 
which is transported to the specified assembhng department. The 
finished -stock department then fills an assembling-department requisi- 
tion and sends same with the second coupon to the assembling depart- 
ment, where the department foreman compares the amount, and if 
alike, signs the requisition and returns it to the finished-stock office. 

All the clearing-house tags arc the same over-all dimensions — a stiff 
tag deep red, with two coupons; the first is iVio inches high, the second S 
inches high, printed in black, on one side only, body and both coupons 
bearing same serial number. 

Form Sao, Rush for Pressed-Steel Components 

Form 8S0 is the same in all particulars as 705, for the same use, but 
is yellow in color, and is the rush tag for pressed-steel department pro- 
duction, printed in black on a deep yellow tag, serial numbers printed in 
red- 

Partial-Quantity Delivery Tag 

Form (no number) "Stock Advance Tag," ''Series C" ''Partial- 
Quantity " delivery tag is filled by the checker, both body and the one 
coupon. The coupon is detached by the checker and held by him until 
the quantity for the day is known, when he makes out a department 
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requisition for the total ooupoiis quantity, and sends same with the 
coupons to the department which verifies the quantity, signs the requi- 
sition, and returns the requisition with the verifying coupons to the 
checker, who retains the coupons and delivers the requisition to the 
clearing-house chief clerk. This form is used for one or more partial 
deliveries from the same department, all on one day, in all departments 
save and except the machine-shop departments and the pressed-steel 
department. Color, vivid salmon; coupon 1^ inches high, printed all 
in black, on one side only. 

This story has told how workmen are taken into the Ford shops, and 
enough of the finished-components handling is given to show how the 
men are kept busy, and to show the duties of the shortage chaser, who is 
a result of the closely limited maximum production working of the Ford 
factory, which has never yet been able to produce cars enough to enable 
the acceptance of immediate delivery orders during the spring and sum- 
mer. 

If the shops at Highland Park were not worked to maximum capac- 
ity continuously, the shortage chaser would be superfluous. With the 
factory production capacity in excess of the demand for cars, the finished 
stock (that is to say, the finished components in the finished-stock 
department), would always be kept sufficiently in advance of the requi- 
sitions of the assembhng departments to meet all requisitions promptly 
and certainly — a condition of affairs which would at once eliminate the 
shortage chaser, because there would then be no shortage possibiUty. 
Tliis story shows how the Ford shops manage to face a constant shortage 
probability — perhaps it might be said that the real condition is that of 
actual shortage of components constantly — and yet escape serious 
delays. 

If the factory production capacity were in excess of the Ford car 
demand, and the component production were in excess of assembling 
demand, there would then be an overhead interest and storage charge 
against the factor-of-safety excess of finished components held in the 
finished-stock department, which does not now exist. 

On the other hand, the shortage chaser now avoids disastrous short- 
ages only by the use of extraordinary care and exertions, together with 
sudden changes, which are always costly factory expedients and condi- 
tiojis. The entire situation at the Ford shops is novel, and is met by 
novel methods, and is of much interest to factory managers in generaL 
The ideal factory condition is undoubtedly that of perpetual tranquillity, 
all operations balanced and co-ordinated, so that there is no "hurry up" 
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presaiire required in any direction whatever. Yet lliis ct>nd]lioii of per- 
petual tj7uiqujllity jii-cessUaiojJ Uie carrj'inp of large values of finished 
components, with an iucvilablo increase of fixed clmrgcs. grcfiler op less 
as tijc niar^n of safe eoinponeut-cxcess supply is fixtJ at a bij^lier or 
lower leveL Tliere is a poinl, of course, where abundant component 

supply carried in the finishcd- 
stoek deparinient. Iktoitito itn ex- 
iraviiyaiiee, and is heutv ivpre- 
hennible; so tJiat it is not easy to 
day with certainty tlial Mu- hand- 
l.n-iuoulh (inniHHienl pn.H.ltutJon, 
even uheti couple*! ivith the anx- 
ieties and ntake-shif ti* of the short- 
age chaser, really cnsLs more than 
it would cost to carr>" an ample 
supply of finished components of 
all kinds. Li''a\'ing Uieac ultimate 
con si derail oils out of view', this 
sLorysimplyshows the practit^ of 
a factory ^\hicii b so ft»rtuiiatelj' 
silualed ihul \[s innrkel is rwidj'- 
made, so that the selling of the 
factory product is of nc^HgiMo 
itiip4ir(ann\ while tlie eonflUinl 




Six Views of the Ford en bl<n Cylintlcr 
Casting 



maintenance of tJie factor^' production-capacity at maximum Iweonies 
the one oi)jective of vital importance and all absorbing interest to the 
management. 

Cyundeb Maculving. Chank-Box Consthuction", and Bhaztng 

It is to be regretted that j^pace does not permit each of the siubjocts 
specified in the above litle to lie treated in a chapter by itself, so that 
each story might be written in full ileliuL bccaiiM' each one. as practiced 
by the Ford Company^ is of interest at cvtM'y point and well wurtli cuiii- 
plcte illustration and description. 

On the otiicr hand, the factory manager ha** no time \x) spare for 
reading whieli is merely of generid interesl, but wishes concentraled ami 
suggestive mention of causes and methods, rather than facts and details 
merely, so that the necessity of condensing the three specified dinsions of 
Ford practice into the space of a single cliapter may best suit the desires 
and purposes of production managers at large. 




HOW THE WORK IB DONE 



78 



8i»ituw Q FDBD MOTOR, CO. 



a 0, 



timing BMUD (iW- A 

lH0£fl80LL ^ 



Houfh bon 
FO0TE-8URT 



FW[»|I0T1»I,C0. 



FOOTE-BURT, 

Drill Ttl*c-at«in 

ud te»t liol« 

fOOTE-eUftT 
puib-m^d boliH 



FOOTt-BlRT 

PtilE U hoI« 

l&>«iUi 




'E-BUrt^jUiO, 
Dnil I hol» mod 
nwa 1*0 IjdIm 

OlH'TI'WllCKfMD 
>i.U. ueEHBOll 



INGERBOLi 
HUlLnc eDd< 



It, 




FlnLiti Tt^m 
FOOTE^BURT 



FDOTF'BURT 
ftoun vftliia>«ttA 

KEAAHETANDTREKER 
IS) UlULDcdDoi vmU 



REED'PflEHTICE CO. 



REED-PREHTICE GO. 
bA&Tliua 



FOOTE-BURT 

Prill tt LoLh 

Ln4aLdea 



FOOTE-BURT 
Drill mod DciDnbvrijon 

jKtn bola* 



CINTL'BftlCKFOflD 

t%00 UdB ■■ftT «a1 



FOOTE-BURT 

VkoD t untihalt 

nUlnlnc-iDrdw boiiH 



FDflDIIDTOfl,GO. 

Mill WfcHrilDU 



■tt^ 





EITDEY HACH. TOOL CO, 
BtnddlB niLllu 

RffO-PR ENTICE CO. 

FIbIiL tmualvUjH 
snd 



FOOTE-BURT 
Drill U uuhor 
tH fian I dlivoUoni 



Spot Ck* U halM 
BMME& DRILL 



FOOTE-BURT 

Drill »Bd GDimtar- 

ban B coiv ploj hU 

AciNTl'BAlCKFORO 

^& Spot IBOV DOllk- 

bHrintf bolt UolH 



FOOTE-BURT 

Tap IQ holta 1 

lildaa 



FOOTE-BUHT 



IHignun of Processea and Avenice 
TntTel, Ford CjUader Castioc 



Machining the Fohd En 
Bloc Cylinder 

The Ford en bloc four-cylinder 
casting form (see the illustration* 
which shows six different views of 
this component) is very far from 
being a simple affair^ either in the 
foundry or in the machine shop. 
It is a piece designed to meet a 
great number of conditions of im- 
portance, quite regardless of mould- 
ing and finishing costs, yet it is 
actually machined in 45 minutes of 
workingtime, including the time of 
placing and removal from ma* 
chines, but not including the time 
of transportation from one machine 
to that making the next cuts. 
There is no hand work on this 
cylinder, there are but few opera- 
tions made on one cyfinder only 
at a time, and these single-cyUnder 
operations are rapid. The long- 
time operations are performed 00 
milUng machines having long 
tables, and the table feed is started 
as soon as the first cylinder is 
clamped in place on the table, 
while removal from the table begins 
as soon as the cylinder is fully ex- 
posed after passing the milling 
cutters. A sufficient number of 
spare milling cutters are provided 
for each operation to ensure having 
a newly ground set of cutters on 
hand before change is needful. 
Each set of cutters is worked 
through one 8-hour day, and 
the setting of the cutters is 
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HOW TT?E WORK TS DONi: 

facilitated by table marks and suilftWc Klraight cdg« so as to consume 
the least p(>ssll>le lime, unci to ensure the utmost allainal>le axvuracy 
in cutter placing. 

GaTTOING and iNfiPKCTlON 

The cylinders receive Iwcnty-onc ini^pectioiis and gnugings in tic 
course of (inisliiiig; all in^petrtion results are fully recorded, and Uie 
machining is so carefully conducted lh:it le^^ i\v.\n onr-h:ilf uf 1 per rent 
of the cylinders arc spoile^l 
in nuirhining. Somewhere 
about 8 per cent of the 
cylinders moulded are lost in 
the foundrj% and of I.OOU 
Hppareiilly perfect cjdfndcr 
ca.itings sent from the fo\in- 
dry to the machine shop 
ahout 100 arc thrown out as 
wasters because of spongy or 
"stodgj'" B[>ots. Where the 
Icak.i shown in the hydraulic 
te?it (which is made fi.>llo^\iiig 
o[>eration 5, m the series of 
machining operations de- 
scribed below) are sus- 
ceptible of plugging they are 
plugged and saved. TliIs 
1,000 good cylinders from 




Opcratioa x of Cylinder-Finishing Series 

Cijincral *-ic'w of oliu'^r 4"*t in); lcK-iit<i] on fiituicuml heW in 

pl^t hy lur-uiiitr ihc Iwu lup bnml wljtxla, Tt»c (ix- 

turv w ahwu <JD [u|[or kvIc oa page TO 



IJOf* rough cylinders sent from the foundrj' to the machine shop is 
favorable practice, and the wasters percentage may rise very consider* 
ably from unanticipated causes. 

But this matter of cylindirr-wasters percentage belnngs more espe* 
eially to the Ford toundiy chapter, which shows what is believed to be 
the most advanced foundr;- equipment so far plac^cd in any foundry 
anywhere. All fuels humc(] and irons melted in this foundry" are sub- 
jected to chemical analysts and everytldng h done under »itrictty scien- 
tific regulations, yet the percentage of c>'liuders lost varies greatly. The 
cylinder is difficult becuusc the water jacket is only J-g inch thick, to 
bv^In with; but ji^ before ^HId, this vvlmlc muLier belungs to the Ford 
fouadrj' story, where the cylinder-founding prncLice is detailed at lengtJi 
and day-by-day cylinder-eastings production-resuUs arc given. 



7(? 



FOnO METn0I>3 AND THE FORD SHOPS 



Tlic 6rst cyliiiili^r-mflcliiniiig insi>cclioii lullowfi operation 2, imd 
inapcction ul*o follows opcrutioiis 3» 4, 5. 7, 8, II, IS. 15, and 17. From 
opfn"ati<m IS to o|KTatiori 28, inrliiMVc, IIk- cyitml^'r \^ gaiigcxl iiftiT cftcli 
opemtiou^ uiitkiug a tutnl of $1 gati^iiiyn aUogi*lL«r, ihc* Itisl 11 bciii^ 
niadc by one single iii.spcctorp A full and complete inspection record is 
kept *o that the faulty cul in each waster is know*n and Ihe machine 
frtull, if such exists, is renw^ied at tmct*. Rlioutd the fault he due lo any 
workman's act. he isj of course, duly informed and his faulty practice 
changed. 

Tlie fiiiJailiing routine is shown in the eliart, "Cylinders^Finishlng 
BoatineDiagmm/' given on page 73. the le^en^Is specifying the nature of 
the operation, MJiilc tlie floor travel of the cylinder from one operation 
machine In the next in setjuencc is given in feel Iietween the opera- 
tion numbered circles, and the name of the supplier of e»ch ma- 
chine-tool IB also given in juxtaposition with each operation circle, 
while half-tone illustralions of many of tlic machines are shown, 

with appropriate captioiLS. 
Besides tilts operation 
diagram, a scale dra^ving of 
Ihe ac-tual pladng of Uic 
vsiriuus machine tools on 
the .shop floor is reproduced 
on page 74, each UxA ground* 
plan having the ojjeration 
number shown, so that the 
actual relative positiona of 
all the much ine- tools used in 
maehimng Ford cylinders are 
placed before the reader. 

As to the mill cuts made, 
ihey are id) end cuts, no mill 
cut being made with the 

OpeiaUun i of Cylind.r-Fimshing Seri^.. SKqw- circumferentiaLsurfaccof lUe 
ing Uie "Floaliag^' Core-Spottiug Fixture inilhiig cutter, sLnd anno^t 

Tin* rijfitl l-Bir, F. ]iu \TrtuTil rpinw |>iiws nl (h* rali^ of iCTflth to Gl cTLokOKix f*orin£ iiuirlr Tlf top 

cad of C7fiud*r id IciiiJ on two wi-icl> -scpnrflLcd lianl iilags, Ttc cnmL-bujt corlojc muy tit- a little hlicb jiL 

ifltrpniJ with ttH't-inmif H, wlitHi n-^tB on ibr wrrlifr-iilort \\. Tin* h'-iaUl of ibc fjliudtr cjorik-bo* tnd 
U t'lrio'l hv |}ii< lioEiiJ ii'rou mifv^il »rHlt>o-bl4jok, y\. until intlcx 1. Ii.\i<<l 1u F^ n'giritfm mfh Ulc iuitcK 
niuilt on Uii^ u^iFTfilLt mlL'*,ful vvilh It 'llm tiriiij^ tlu^ euUMI*^ cif ilici i-mnk-ltuic rtirimj ri[[Ht with iHf i-ylind^r 
|o[i-nir1 4pn1lmtir ]>l«i^< "nil *livult" wlmli'Vrr ru-mt llwiv inij- lip in t'l'' rranlc-Wt onpina evonly, one tnd 
down \* mrjrh n« (hf ttluTi-rid <^ iTir rrnnlc-bni (vjrini; it up, vliicJiu boAt Uwt om |K<]uri>i in tpfi^tiDA tb« 
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Operatioa 4 on Cylinder Casting. Surface Tope of CyLin«JerS| and Mill Top- End Sides 

luMcfdoU millioi; m*chiDo 

without exci-ptioii 11r' inilU havf inserted leelh- None of ilic mill cuLs 
iirt' nia^Ii.- hy ililvrn^ lln- iiiilliiig-iii:K'liirii> Uible holli ways, lluHigli :^jitie 
of them might be so nade. 

The cylinders are pickled perfectly clejui before reaching the machiuc 
shop. 

FuHD Cyijndkh-Machixinu Okkratioks 

Here follows a brit'F dvinil of thr tneiily -eight iiinrliiiic ogHTftljun^ 
required to iimchiru' eoiiipl'?ldy Hie Ford four-iyliiidcr en^bhc c(i>liijg, 
which is shown in sLs positions on pa>;e 72. 

OpCTation I, Spot the cylinder hy two rough -cftsting-surf ace points 
near Ihe top end of the (cylinder* ilirecrtly under the two ham) u1h^-U on 
top of the cylinder fixturt^ and hy (our points of the cmnk-hax coring, 
these carc<l surfaces being located hy uti "cvcncr" internal spotting 
gauge, plar<?d inside Ihf' crank-liox coring. Thr rj-Iindcr crank-box end 
r^-'sls ou a scrf\v-adjust4.*d xvedge at the niiddk- |ioint of llic cylinder 
length; tliirs wedRe. in connt^ction with the two fixwl ?>upportrs wiilcly 
acpuratrd, near the top cud of the cylinder, pve;* the cyhnder cutting a 
lhrci'-*p<jiiil fiupporl. By ailjiisliii^' Itie wedge po-silioii the erank-box 
end of the cylinder is raised or lowered to l>rin^ Iho two index uiark^ on 
the "cvener" (placed iiii*idc the crank-box coriug) into registry with 
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FORD METHODB AND THE rORD SHOPft 




S^ enlarged view of 



'Nrvciitr'' ill pu?«itiriii ill Hie 



Operation 6. Hydraulic Test for Pos- 
fflblc Leaks In Water Jacket 

ford Euiidiiac. JpaUd aud construction 

Operntion ^. The cylinders are 
3oll milling ni&chine, where 
earh ^yliiider -ntand^ hn>- 
end down on its milled spots, 
and 19 clamped against two 
Imrdenetfl pln^s wliirli bear 
on the outside cylinder-sur- 
fu(rc spotting points made in 
opcralion 1. This srrond 
operation cut llieu ck-ans 
the (Ittt botloin-surfiiet^ e{if;es 
of the cniiik-box end and 
aho, Willi a half-round null, 
cleans the babbitt seats of 
the three erank-shafi buxcd. 

Operation fJ, Drill liie 
!i]X crank -I jux -cap liuldiii^;- 
ecrew seats, ream one cud 
hole, letting the rramer follow 
thf drilled hole, and llien. 
Willi ji^ having a pin in the 
reamed hole, jig-ream one of 
the rap-sriTW liolea in tlie 
other end of the cylinder. 



each other. 
lilt 

i^rank-box cored opening. This 
li\turc spots the rough cylinder at 
finjr points — two exterior, near fJie 
ti>p end of the eyiinder, and two 
interior, near the bottom end of the 
i-ylinder, while the first cut, sur- 
iaeing the four "spots" on the Lup 
end of the cyUndcr, in mude- The 
illustrations on p&|^'■?f 75, 7fi, with 
tlirir mplions. will make this 
cyhnder holding for the ifpotting 
cut clear to the reader* Machine 
designed and built by Ihe Ford 
Motor Company, 
nest placed in fixtures on an Inger- 




Operation S on Cylinder Casting. Fmish-Ream 
Four Cylinder Bores at Qnce 

Poole Burt mjichiiHf 
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Op«Tfi1ion 7 on Cylinder Casting. MillL:ig Both Eiid^ of Cylindeis at Same Tlcae 

These two reamed holes then beconw^ ihe spot-holes by which theeyliiidor 
is loeftlcd for all fliK^T<^clini< ouU. 

OperaMdU i. Tlje rjliiiiliTS sUiml mi llirir lifitlnnk fnils, ptMilion 

fixed hy fixture pins which ent<*r the two rejimed spot-holes, an*! tJie mill 

cuts surface the top ends and Hidea of Ihe c>Hinders. In^^rsoll machine* 

Operation 5. Houph bore the four cylinders at the sanie time. 

Machine supplied by Foote-Burt Company. 

Operation 6, nydrauli(' test of water-jacket, aixty-pounds pres- 
sure: machine designed and built by Ford Motor Company. If leaks 
art' nhowii ihcy arc niarki^l by ri'ti jmint, cinlcs around Ihcni atid the 
cylinders ^o to Ihc pluu^er^;, if k-nkri can be plu^^'d; if iinpo*?*ible lo 
plug them, the cylinders go back to t-upolu. If no Iciiks ftro shown the 
tesUf uuike» his "O. K." mark on ilipey Under and pasiieftil for succeed- 
ing operations. 

Operation 7. In»;ersolt mncbine, Diillinj; both ends> 
Operation 8. Finisli reiuiiing cylinder bores; FoiHc-Burl machine, 
0)>erat]oii 9. Drill vnlve-^lt-ui holes and finisli valve porLs; Foole- 
Burt machine. 



ftO FORD METnODS A>rD THE FORD PHOPa 

Operation 10, Drill aud ream pii»ih-rod holes; Foole-Burt marhine. 

Operation 11, Roam valvc-st^^m holes; Footc-Burt luachinc. 

Operation 12, Mill door-seals, Kearney and Tnsckcr knee milling 
inneliine. with end-niill in verlieiil spindle. 

Operation 13, Drill fifteen boles al once, from tliree dirtxitions; 
FootcBupt driller. 

Operation 14, With reaming arhor, carrying three reamers, arbor 




OpeiatioQ iS on Cylinder Casting. Drill 45 Holes at Once from Fowi Directions 

Footc-Burt nuchioc. Note ticd-pipc way* for oliJiai; c>li[Ldcr^ Wci left mniEi 



BOW THE WORK IS DOXE 
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DtilJ and Coimter-Bore XnUJce and Exhaust Pott-Hotes 

on lathe centers, cylinder (itamling on bottom end, spotted by two 
reamed hole^* ream (lie cranfc-box babhiU scats, ppcviousily roiich-fin* 
istied hy balf-rftuiid mi!L op#Tation 2, (Refer hnck to the lioscription of 
this second o()eration, page 78.] TJiis brings the babbitt seais iu to oxact 
positmn with relatvon to the two rwimed epot-holcs; Kwd-Ff\.'iiti(.*c lathe. 

Operation 15, Ooss *nits over ciwls of the three crank*liox bearings, 
tfix cut>i; Heiidcy Machine Tool Coinpuny- 

Operation 16. Witb two cylinders, crank-box ends tojirelher, on 
arbor on lathe centers, finiih Iransnmsion AcaUi Kccd-Prcnticc lathe. 
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Opetalion 28 of Cytiuder-Fmi&limfi Series. Tap 24 llUes from Three DirettifQS 

I^Uft niiu'hiiiiu^ oiN'mtiniu All Bii1)s«ju<iit. oprntlinria i^i m Mic niif(i»iiucinMiii^ h.'ni^ FliIIv iti^s^ribui 
ill Cbi:L[jlfr IV. StAn ait*v\-^iiK wurik-aitnyxiiaf WAyj, lovtu' lell oomvr, Fuvti^ttLirL iiuchiiiu 

Operation 17. Ream eraiik-shaftbnl>hitt seats; Rce<i*PrenticGlttthc, 

()l>rratJon IS. Drill forty-five holes at uncc from four directions; 
FcHiLc-IIurt drillin^r ma^^hini'. 

OptTHtion 11>. Drill fourttt'ii babbitt ant'lior IioIt'M from two dji 
iiou^, on Foolc-Itiirt clrillcr. 

OixTHtioH 20. Spot-fiicc Hftccn lioiri*; BuriR-s drilling niarliinc. 

0]K-raliim SI. Drill uiid coLinlvr-bore intake and exlmust port 
hole8; Foote*Burt machine. 



now TnE woiiK is nnsK 
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Operation 'i'i. Face time-gear; 
Cincinnali Drilling Marhinc Com- 
pany's tirillcr. 

Operiition S3. Drill and couti- 
icrbore three core-plug scab : 
Fool€-l)url drillcr- 

OpiTation 2-1. Spul-fatv inaiii- 
beftrin*: bolt holes; Ciiieimmti Biek- 
ford Company's driller. 

Operation W, Faee two cam- 
shaft retaining- screw Ikkik^s; Foote- 
Burt machine. 

OprraMnn ^fi. Knd-milt clean- 
ing of the art'-^^liapwl water jacket 
openings to the cylinder-head Complete Crank Box 

water-jacket spare; Ford Motor Company, designer and huilder 
of iiiaehim*. 

Operation 27. Tap ten liolt>*j from two directions; Foote-Burt 
machiac. 

Opi-ratton 28. Tap 24 holes fnini three directions; Foote-Burt 
machine- 

This completes the machinins; of the cylinder, rcad>' to go to the 
aHsend>lers, who grind the valve seats» bahhitLand hont the crank-boxes, 

ami (it the crank 
shaft lo it* boxes. 
The entire time 
iKY-iipieil in placing 
on machine, making 
cuts, and removing 
from niaeliiiie, if^ '^^ 
minutefi for each cyl- 
imler. The total 
floor-travr! of eaeli 
cylinder, between op- 
enitions, is 3S4 feet. 
The fl<tor-travcl time 
is not ineludeil in the 
■t5 minuter of cylin- 

Au^t^uii^ Craiik Boxes after the FlisI Draw der-finL^hing lime. 

<j|«r,ti^>i, 6, «^(,j Hin™l I he highest work- 
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Line of Bliss Drawing Presses for Drawing the Pressed-Steel Crank Boxes 

man's pay on the cylinder-machining job is i|^^ for 8 hours, G^}'^^^^^^ 
per hour, say a fraction over I cent per minute, A<i(! anotlier cent 
tor cnttinfi-cdgc iip-kecp and one more for overhead charges, we 
have 3 cents per minntr fiU' \\iv workmini's lirr.i\ all charpes inchicled* 
wUicii is pn»l«il>)y soincwliciv near lotal ptT-niiiiulv »liop cust, and 
tlic niftchininfi cost of Ford cylirder, 45 mintitcs linic, la Id X S = 
91 .35* only. ceHainly nmcli below what flecniji ptwsihle in the way of 
low cost for \\iis job involving "^H operalion^^. 

This h an intitrudive example, as showing the very groat labor-co^^t 
reductions mudc possible by an uuchnnging mtKlcl of the salable product- 

TiiK FoHo MoTtiH Prks8Kd-Stkei, Chavk Box 

Tlie illustration on page 83 shows a niindK?r of the finished pressed- 
^tccl crank-boxes so placed us to show Ibc form of the box cojuplcicd. 
This crank -box In'gin.s wiUi large slioet*steel plate, No. ISgaugeorO.OM 
inch thickness. 



ROW THE WOHK IS DOKI! 

The principal drawing and shaping; operations on llie crank-box are 
worked on tlie row of K. W. Itlis^ presses, shown in the iMiislration on 
ps^ 81, Imt the (IniWM shapt- juvKliK-ed hy the pre*is dies han a c-imsirj* 
crablc mnid>cr of odiWd nienilxjrs of various fomis. pinned and riveted 
and brazed or sofL-aoldered in unit aaacnibly witli the- drawn !*heet-»ted 
shell, and many <lri11in^, riveting;, grinding and ]i\\]w operations are 
required to complete the pressed-steel cra!ik-box and pive it its 
fini^icd form. 

CrAXK-BoX PUESfi WODK AND ANNEALING OPEItlTIONS 

Tlie sheel-steel stock, 0.093 iibch thick, comen In the preset line in 
sheared sheets large enough for one blank, and the blank is punched out 
of this sheet on the first press at the west end of the line, this art of blank- 
ing [)iit being crank-box operation 1, Blank uvcr-all dimcnsiuiis, 40 
inches long by ^4 inches extreme width. 

Operation iJ. The blank is stiff from the finishing rolls of the jdntc- 




Supptementaiy OperaUca ii on Crank Box. fust BzazQ 



rORD METHODS AXD THK FORB RnOPS 

steel mill, and is placed at once on a steel-roller gravity inelme and car- 
ri«I In l.lie annealing ovens, IMO degrees K., wliere the Manks .ire iiiled^ 
one Iiundred and fifly on eaHi one of six oven ears, i\]iicli fill Uie oven 
with nine hundred blanks. As at present worked the six cars go into the 
annealing oven at H:UO p, m., remain until W:0(f midniglit, are then 
Tvithdrawn and left in pilca on the cars until C:SO a. ni., when lliey are 
cool enuu^h tu W worked in the drawing prcs>j. 

This Krst annealing praetice will soon be obsolete. A fiirmicc now 
uniler constrtiction is servetl by an endle^is chain moving up and down. 
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Suppkroenfttry Operation i3 on Crank Box, Bra^ce Globe Seal to Crank-Box Shell 

Slfllumflry tlam« below, vi^h Btingina IIhium ^Ikivp Kcur l>nit;nin fifta. indi-pondent bul c>lo*p lo^lwf. 

nrr uicd b/ chDc mikti 




THK WORK ]^ 
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wliicli in filLfJ with penduliuii blwnk-t'amnN to Iftktt Uw blmiks Inili- 

vidually «^ Ihcy come throii^Ii llw press die, rarry them upward about 

60 ffcL iu the funiufc tiplnkc, Ki^'i'*^""*p'^ heating lime, and then carry 

tin- lilnak^ dinvTiwan! GO fi-<-l in Ihc opi^n nir, g:iv!iifr plenly of cooHre^ 

time before the hknks reach tlie 

oiling tnWe, whe-re two oilor men 

with oil hnisho8 cover Ijotli sides of 

the lilaiik with iubric-ikiit I*<?fart It Is 

pvoii draw No, I, on the lar/je <lraw- 

ing press next ca^t of the oiling 

tahkv 

The first nnnval h operiLtiou S, 
and the oiling i:^ operation 3. 

Op*?ration 4. First draw, Blias 
prc^T*, 5j 2 inches dwp. Tlie mjixi- 
nuim depth of draw is 8j j inches 
(operation 7) and the finished deptli 
of draw Is 8"'/]c (<»jteralji>n IfJ). 

Ofwration 5, Second iinne:d . 
Tlic rrank-boxcv^ are placet! indivitl^ 
ually on a gravity rollcr-lnfiinp and 
gu down hiU to the unne:dlaj( fur- 
naces, where they enter the oven on 
a single car in piles of fifty, nested, 
mnain oiii- hour, and lire then 
cooled for an hour, when tliey arc 
cool enough for the second draw- 
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Operatioa J2 on CT&ak Box 



OjKTaiionC. Set:onddniw, brings up and slmprslhrdrain-c*(M'kwal, 

0)K-ratum 7> Tliird draw, carrier alw^k down to ujaximum depth 
of 8j^j incites, wilh several other changes of form. 

Operation H. Fourth draw, finishes comers and fiMcts and brings 
joh to hhape generally. 

Operation 9. Anneal: carried down roller-sUdc by gravity to 
anucaUng oven. Nested 120 on one truck into oven, oven one hour, and 
one hour to cooK All Ihe-se hlaidt ovens are kept al about 1500 degrw* F, 

Operation 10. Final draw; puts in U-shaped l>raee, givc-s gc^neral 
finish lo corners, fillets and dats, and reduces muximuin depth from 8^2 
inches to S^w incheji. 

Operation 11. Trim, pierce, and cut out the transmission door in 
bottom. 
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IroBD lUFTnoDs aXd tbe ford gB< 



operation 12. Stiffen. Again down a roller-slide to Urge funmces, 

where the uraiik-boxu*i «re hcatt'd individually on Urpe-area furmicc 

floors and aic th^n individually qucnclicd In tjink of soapy water. 

Operation 13. Straighten up in operation 10 die. 

From operation IS, the rnink-box goes Lo llieconjponentappliersand 

brazers and grinders and turner* and soft solderers. all listed as follows: 




Supplementary Operation 37 on Crank Box 

drmlitiff iivi^r tit fe<H! huv ininninn slaJiiLi up itnH ikiwn in £jm|;r Trirk 

Operation I. Apply drop-forging lialf-ring to rear end, drill Uu-ee 
pin hole3> put m pins. 

Operation t, Hivet pins both ends; John F. Alien, N. Y., pneu<* 
mntic riveter 

Operation 3. Scat and drill front vertical wall for four riveta. 

Operation 4, Burr up rivet ends to retain rlvcU. 

Operation 5. Hend front-wall rivets, by haiid. 

Operation 0. On an\*il with hand-hanuncr and ^'staking" toc^ 
stake fnmt wall to fill. 

Operaliun 7. On surface plate, gauge and with hand hammer bring 
job to over-flll lenpth. 

Operation 8- Apply j^lobe seat for front-axle globc-cnd radiufi-fork. 



»W THE WORK )8 ftft^ 
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Operation 9- Drill for two rivets, lo fix globe-lirackoi posiLjau, 

Operation 10, In preas, rivet ends of ^loljc-bmokcl- 

Operation 11. First hrazp; rrar-cnd reinforce* mude in a four-fire, 

lumd -revolved hraKin^-furnat.^. See illii^lration on page 85. I-Vml 

Company desipi ami eonslnK^tion. 

Operation 12- Braz*^ glohe-fltAt hracJcct. Vertical flames both 




Witti Angle PE^ie oq Lathe Face-Plate and Back-Rest Fixture^ Turn Tnuituoo 

upward and downward. Ford construction, shown in the itIustratioQ 
on page HO. 

Operation 13. On enit?ry wheel, poli^sh ami-seals, 

Oi)enilion 14. Face end of rear azumlur collar flush with emuk-box 
shell end. 

Operation 15. B^K-k lo big prcs$ line, and in final die *ttraighlen up 
the job, far as completed. 

Operation Hi, Korivct front-wall rivets, stretched by preceding 
operation. 

Operation 17. Brin^ walls to length with press surface-jig. 
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FttRD METflODS AND THE FOltD ftHOPA 



OpcrAtion 18. Grind flat over walls at ends. 

0[>cralEUD !0. Pierce two holes for drain-cork (lanj^e; a!so» ^anie 
<^ieratioii, sent imd close in tlie driiin-eoek seal ready tor lapping. 

Operation $0. Rivet ^pW}i-|date* 

Opcralion siL On driUcr, hal/-globc rcani fmnl-axlc radiua-balll 
seal. 

O[jeration 22. Prill lliirty-onc holes, Bausch Maehine Company's 
driller. S«* illustrnlioTt, pfi^fe 87, 
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Supplementary Operation 40 on Crank Box 

Willi mink tun daminvl «i> Ullw-iAiUUi' fitliirr. Ihifr *ml Iftre rr«r-<niJ unnuUr mlkr 

Operation 2S, Burr thirty-one drilietl holes: Bausch Machine Com- 
]»any's driller, 

Openiliiin ^\. Puncli tliret- rivet holes* in each arui-seiit. KiTTaeute 
Maehine <.'o. prctts. 

Operation ^5, Drill fonrtcen Iransmiflaion rover holes, IJnnsch 
Machine OmipiLny's driller. 

0|XTalion 50. Uurr fourteen drilled lioles> Bauftch Machine Com- 
pany'» driller. 

Operation 27. Punch three hole^ in front and hoUnm; Ferraeule 
Company, Bridgeton, N. J., press- 
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Operation 28. Ream front wall for sUrting-ctank sleeve scat. 
Moich and Merrj'weather Macliine Company. 

Operation ?9. Punch overflow sterew^seat-bush holes. 

0|)cralion 30. Fix fronl-cnfl 
nuilleahlc-irnn casting trunnion in 
place Willi two rivt'U. 

Operation 31. Drill six more 
trunnion rivet boles. Womicr M.i- 
c-Iiine Co. ilrilU-r. 

Operation 32. Iland-rivet six 
rivets in trunnion. 

Operation ^3. Clrnjie in Ui*^ Iwu 
ov<*rflow-plu^ hushes, to be Inppfr'-I 





Spot-Braiing with Oxygen Torch 

CottvCUo; Vij Jdcob 41 the bro^iuif ut Uic ituunng- 



Brazing Hangers to Crark-Bo3t Shell 

>ij|ilJi'iji(jir:iry npmilioji «. Kuijr firm in Ji 

l-iHiiW — 4TJili"tiJir,v (Liriii* tn-bw. wilh 

liiij tivlDjcliu: (Uuiu nhovc 

to lake the overflow screws. These 
st-rews are at dilTerpnl ]<'V'*-ls to 
sltow niaxinium and minimum oil 
pl^k^h'pool depths in crank-box fly- 
>\ heel-housing depression, E. W. 
Bliss pr<.'S^. 

OptTalion 34", Frcfis-rivct six 
rivets in end Iruimion shell. Toli-da 
^ I ncliine TocA and Press Com- 
pany. 

Operation Sft- Turn erank-bos 
shell projeelions down ov<^r trun- 
nion »liell, with luimbhammer. 



Operation 3C. Braze trunnion shell to crank-box sliell, in four-hole, 
hand-revolved brazing tumaee. Same style of furnace as is used for 
o[keration II, 

Operation 3T. On a large cast-iron jig* with legs and elamp and 
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Continuous Brazing with Turret Work-Carriei ami Aic- 
Slisped Heating Chamber on Top 



spotting pins, gnugc 
and .Urm^hten tJie 
Iruiinion. See illus- 
tration on page 88- 

Operation 38. 
Drill tmnnion hole, 
Foulo-Burt driller. 

Operation 30, 
With angle platt^ on 
f:icv-plttto mid lailic 
and bnek-rost fixture, 
Uirii trunnion; five 
[ieeil-Pri'nliee lathes 
and one Warner lathe 
on this job. Sec illuB- 
t ration on page 80. 

Opem tiou 40. 
With crank-box 
claniptxl to Ittthc^ad- 
tWc spottiiig-fixLure. 
burc and face rwir- 
orid bruzed-iii drop- 
forging annular collar. 
Sei' Uie ilhistralion 
on page 90, 



Operation 41- Drill and tap screw holes in rear-end collar. 

Operation 4^. Place the two pi'essed -steel hangers by which crank- 
box is held to chassis frame, Hrill for and insert three pins^ and rivet pin 
ends, to hold hangers to crank-box shell. 

Operation 43, Braz-e erank-hox hangers to cranlv-box shell, four 
fires in a bank, with swinging flumes on top» stationarj' llaiucs below. 
Sec upper illustration on page [)!. 

Operation 44, By hand, with big file endi scrape and clean inside 
of LTauk-luix fshell. 

Operation 45. By hand, finish-tap rear-collar screw holes. 

Operation 4ii- Place transmission covers, with gaskets applied to 
covers; plafe horse-shoe nMnforres inside of urank-hox, and put in four- 
teen transniiss ion-cover scn?ws, through covers, through gaskets, 
through crank -box shell, and turn screws down bard; screws threaded 
into the two hor^c-shoc rciulorces. 



HOW THE WORE IS DONE 95 

Operation 47. In large fixture, with gauge and hand-hammer, bring 
the crank-box hangers to place. 

Operation 48. Lay crank-box, fiat side down, on large surface plate* 
and with hand-hammer make the crank-box top fiange lie down on the 
surface plate, all the way around. 

Operation 49, In a large fixture, with clamps, with hand-hammer, 
bring the hanger holes to shde on fixture pins. 

Operation 50. Tap globe-seat cap holes for cap retention. 

Operation 51. Tap drain screw seat. 

Operation 52. Tap the two overflow screw seats. 

Operation 53. Fill overflow screw seats with temporary brass 
screws, screw-driver cuts, to close holes for gasoline leak tests. 

Operation 54. Tap two holes in rear-end annular collar, and two 
holes in front vertical wall. 

Operation 55, Heat front side of front wall, and clean wall and box 
wall seat with muriatic acid, to clean the surfaces for soft-soldering. 

Operation 56. With tinning fluid and hand soldering-copper, soft- 
solder front wall in place to the crank-box shell inside. 

Operation 57, With hand copper, fill joint with soft solder and also 
fill top joint between box wall and the front wall, if joint is open on top side. 

Operation 58, With hand-file end clean off surplus solder. 

Operation 59. Place drain screw and turn it down hard. 

Operation 60, Press the hand starting-crank bushing into place in 
center of trunnion. 

Operation 61. Place crank-box, open side up, in gasoline vat and 
see if any gasoline leaks into the box at any point. If leak shows it is 
made tight. 

Operation 6S. Final. Dip In air-drying japan vat, to japan outside 
of crank-box. 

The over-all dimensions of the completed crank-box are 42j^ inches 
long, 22|^ inches extreme width, over the hangers, 18}^ inches extreme 
width of shell, and 87ia inches depth inside. The weight of the finished 
crank-box assembly is 29 pounds. The factory cost, including all mate- 
rials and overhead charges, was, through the month of February, 1914, 
$2.26274, or about $2.2()14, Of this total, according to the Ford cost- 
ing department, labor and overhead charges make up $1.63749 and ma- 
terial is $0,625. This is, of course, far below what the cost would be in 
smaller numbers. The production averages about 900 per day, giving 
opportunity for elaborating the plant to the economical limit of special- 
tool installation. 
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The finished crank-box of pressed-steel is extremely strong, not liable 
to fracture from blows, and gives a very stiff and substantial support for 
the entire power plant of the Ford car, and, beyond doubt, the reliability 
of the Ford car is vastly enhanced by using wrought steel instead of cast 
metal as a crank-box construction material So far as I am aware, no 
other small gas-engine has been fitted with a pressed-steel crank-box, and 
in my own opinion, the Ford crank-box is far and away the best ever 
used in a motor car. 

The brazing fires are specialized and differentiated to such an extent 
as to afford a highly valuable study to those who make continued use of 
brazing, especially in \'iew of the assertion made by Ford officials that 
no Ford car ever came to grief through brazing failure. 

An illustration of a Ford revolving-work-carrier continuous-process 
brazing machine is given, showing the latest Ford practice in that direc- 
tion. 

In all Ford brazing operations where the conditions permit, the flame 
is directed downward on the brazing and a pit of melted borax is main- 
tained directly under the braze. The brazing material is in all cases brass 
wire. For most of the brazing operations the wire comes to the brazer in 
coils about as big as a man*s fist; the wire is soft, and the brazer straight- 
ens out what length he desires, and bends the end to suit his work. The 
brass which runs off the braze falls into the melted-borax pit, which is 
cleaned out with a ladle every day, these cleanings being treated to 
recover the brass they contain. 

Most of the Ford brazing is done with the brazing wire in hand-coils, 
as shown in the illustrations. In no case is granulated spelter used- 
Where the long wire cannot be conveniently used, the same brazing wire 
is cut into lengths about J^ inch long and laid upon the surface before 
the work is put in the fire. 

Ford Spot Brazing, with Oxygen Flame 

The one fault with brazing as a method of uniting metal pieces is the 
impossibility of full inspection without cutting the job to pieces, A 
braze may be good all round the visible junction of the pieces and yet 
may not cover the broad meeting surfaces of the two components. 

To make a certainty of full brazing the Ford Company introduces the 
secondary operation of "spot*' brazing, done by an experienced work- 
man, who handles an oxygen and gas torch (which gives a fine-pointed 
pencil of extremely hot flame) In his right hand, and a coil of brazing wire 
in his left hand and carefully inspects the braze made and patches It up 
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with "spot" brazing wherever his experienced eye detects a possible 
fault. The oxygen flame is very hot and melts the brass nipidly, and as 
the peneil of flame is small the spot brazer can place his work exactly, 
and make the braze good with certainty. 

Page 92, the final illustration of this chapter, shows a Ford "continu- 
ous" brazing machine, a liand-revolvcd vertical turret work-carrier, 
with over-head, arc-shaped, heating chamber, worked with two men, one 
to place the work and move turret, while the other does the brazing and 
removes the work. This picture is given here because this is the brazing 
story of the Ford series. 

The Ford assembling practice, both of motor and of the chassis, is of 
the highest importance> and demands a separate chapter of its own to 
give even so much as a general showing of the unique *'moving assem- 
bly" Ford practice, in which the assembly itself slides on ways, slowly 
chain-driven, from one group or pair of assemblers to the next assem- 
blers, instead of the component imder assembling standing still while 
successive groups of assemblers perform their operations on the sta- 
tionary component. At first the work wiis pushed along by hand; but it 
has very lately been discovered by the Ford engincxTs that a slow chain- 
drive much reduces assembling labor costs, and now most of the Ford 
assembling slides are being fitted with endless-chain drives. 

The moving of the assembly to successive groups of workmen of itself 
made a very great reduction in Ford assembling costs, the work being 
pushed along by hand at first; but now it is fully decided that the slow 
chain-drive is vastly superior to hand moving, as it brings all the groups 
of assemblers to a uniform speed rate, hurries the slow men and restrains 
the too swift men, and as before said lowers the assembling labor-cost 
while improving the quality of the product. This practice will be shown 
in detail in the fourth chapter. 



Chapter IV 
INSPECTION AND ASSEMBLING 

FORD shop inspection is, of course, thorough, and begins before 
the unloading of incoming rail shipments, by analysis of samples 
of bar steel and forgings, and pig-iron. 

The inspection of material and components in process of finishing in 
the various shop departments, is in chaise of one chief inspector, who 
began as machinist with the first Ford car model built in the shop at 
81 Park Place, 1901-5, It is worthy of note that when Henry Ford 
began at 81 Park Place, 1901, he worked as a machinist on the first Ford 
car with his own hands and had with him one young machinist, one 
draughtsman, and one boy. The draughtsman is now Ford factory 
superintendeni , the young machinist is now chief inspector, and the 
former boy is now the metallurgist-in-chief of the Ford Highland Park 
plant, which may be taken as evidence that Henrj' Ford was unusually 
fortunate in the selection of his first three men, or, again, as evidence 
that he is willing to aid in advancing individuals who once begin to work 
for him. 

The heaa inspector has three assistants, two for day work and one 
for night work, and about six hundred others under him, variously 
employed but all classed under the general title of ** inspectors.*' 

All inspectors take orders from the head inspector only, but of 
course respect the convenience of the foreman of the department in 
which they are stationed. 

The inspectors are divided into classes having special duties and 
designations. 

The "incoming-material inspectors," one hundred and twenty 
in number, deal with all material received partly finished from 
outside suppliers, inspecting to Ford Company *s specifications and 
drawings. 

The fifty foundry inspectors inspect every piece of casting made by 
the foundry, first in the rough, then as to tumbling, snagging, and visi- 
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Inspector-in-Chid in His Office. Office Assistant Seated at Typewriter 

ble detects, and sw thai all work sent from the foundry to Uie machine 
shop ifl to all appearance satisfactory'. 

The inconiiiig-materiul luapeetors iind llie foundry inspectors pass 
upon materials <>nlering the factory departments where they are to be 
tinisbi^d and completed. 

Tln^ factor^' departmental inspectors are divided into three classes, 
as follows: 

(1) '^Machine inspectors," who arc inspectors of machine work in 
progress. 

(3) "Operation inspectors," who inspect work after the completion 
of individual uperations. 

(15) "Floor" or "linul" inspectors, who mspect completed eompo- 
neiits oidy. Tliese are day inspectors. 

In addition there are about one hundred night inspectors, mostly 
Bcling as machine inspectors, some six or eight ''rcjectcd-eomponenta" 
iiisptclors, and finally, about twenty "scrap" inspectors, whose duties 
will be presently specified. 

The machine inspectors, one or more in each nmchinc-shop compo- 
nent-prod uction department, move from one machine to another and 
note work in progress. There arc about one hundreii and twenty day 
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INSPECTION TAa 



machine inspectors and about one hundred night machine inspectors. 
The machine inspector notes any fault in any operation in progress, 
and may either correct faulty tool-setting himself, or may call the de- 
partment-foreman's attention to the fault, or may order a change of 
tools or may call a tool-setter to remedy a fault. Machine inspectors 
enough are placed in each department to cover all operations in that de- 
partment at frequent intervaU, so 
that no faulty operation shall proceed 
for any great length of time. The 
office of the machine inspector is highly 
important and his powers are large and 
are exercised at discretion. 

The operation inspectors inspect 
the work at certain periods in prog- 
ress of finishing- 

The floor or final inspectors deal 
with components in completed form. 

Each department is cleared daily of 
wasters or components rejected by the 
final inspectors, and all wasters from 
all machine-shop departments are taken 
at once to the same room, close to the 
machine-shop superintendent's office, 
where each waster is carefully examined 
by one of the six or eight wasters in- 
spectors to see if the rejected com- 
ponent can be made good. 

All wasters finally condemned by 
these wasters inspectors then go to the 
"scrap" inspection department, and 
there undergo individual examination by the twenty scrap inspectors 
who place the blame of the scrap-making where it belongs. 

The wasters inspectors may call on the head inspector, and the head 
inspector may summon the foreman of the production department 
where the waster was originated, and the machine-shop superintendent 
may be notified, so that the waster makes plenty of trouble for those 
whose faults assisted in its production- The same procedure may be fol- 
lowed in the scrap-inspection quarters, so that all in fault are very likely 
to be made f uUy aware of vigorous disapproval of scrap production even 
as a rare performance. 
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Every effort is made to save everything which can be profitably 
saved, and to place blame where it belongs, with a view to curing faulty 
practice of every description. 

The Traveling Inspector 
It often happens that matters under discussion with an outside 

supplier can be soonest 
brought to a mutual 
agreement by a face-to- 
f ace talk and in such in- 
tance a traveling in- 
spector is sent to the out- 
side supplying factory. 
In cases of sufficient 
importance the head 
inspector may go to an 
outside factory, though 
Form 933- Inspection Report on Defective Material ^his official has plenty 

to do at home, and leaves the Ford shops in cases of emergency only. 

Inspection Form Blanks 
Form 706, "Shop Inspection Tag," size ^Via wide by 4Vs inches long, 
is wired to the receptacle containing finished components by a floor, 
or final inspector, only- No other inspection official is authorized to 

use Tag 706, It is print- 
ed in black on stiff white 
paper, filled by the final 
inspector, who makes 
the inspection and wires 
the tag to the compo- 
nents receptacle, where 
it remains until the 
components are used in 
an assembling depart- 
ment. The inspector 
dates the tag, fills in the 
component symbol 
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Inspector's Report 



space, directs the finished components to destination, signs his initials, 
and certifies accuracy of dimensions and finish. 

Form 933, Inspection Report on Defective Material- Printed in 
black on one side only of substantial white-paper form, S^ wide by 5^ 
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inches tigli. Filled by the dcpartnicnl inspector with carbon dupUcate, 
ncnl lo the head !iis(»erlor, who »ign» his name lo both uriginal and car- 
bon, sends the carbon to the purchase agent, and files the original; when 
final adjustment h made it is recorded by the hcud inspector on his filed 
(M'i^inal, completing the entire record, 

IxsPECTOR'a HErORT 

Tripliciitc form, green, pink and yellow colors, printed in black* 

serial letter black and same serial number in red, on one side of Ihin 

paper* only, 8 inches long by dj-^ inches high. Green original and pink 

and yellow crtrbuns. Tins is the report on incoming malcrial, filled hy 




"Ghosl" View and PwlUI Seclion of Ford Motor 

Crving a pood idi>a of ttc problonis jui<k the woris iijvolvod in Ua uaembly, 

mcoming-matcriais inspector, signed by his shop number; Ihe three 
form?« are svni to tlie head inspector, who appends his signature lo all 
throe forms, i^nds the green original to the purchase department, the 
piuk carbon to the titock department* and files the yellow carbon in his 
own ilepartment. 

Ford Shop* Ahhkmbung 
Orihnary machine-shop assembling practice ^stations the principal 
component In a convenient place on the &hnp floor, sometimes over a pil> 
or on a suitable platform having more or less elevation above the ^hop 
floor, on horses or on the bench, as may seem best, and pror*N*ds witli tlie 
assembling by bringing tlie other components to Ihe principal comp(v 
ncnt and applying and fixin^j them to the principal component whicli 
remains in the one place until the assembly is complcled. 
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II is also oniinarj' pra^Hire \o pliu.t jlII tlif (*()iiLpuneiib> of a, given 
assenihly, as of a lodt, or a cloven locki^, in a box, or in a box with twelve 
compartments, and to pass this box to nn asscaiblor, who may wholly 
assemble earh Ux-l:, or perhaps may partly asflemhic (-.iii li W-k and piiss 
th^ box on to one or more assemblers who complete the assombtuig; 
or to place the components of (say) a watch movemeiil in cacli of a 
series of boxea and pass these boxes to the first one of a line <if a'SJM'niMers 
who doe* his part of the watch asjiombliog and passe* llie 1k>x on to the 
next man, and so on, until the watcli is completely assembled. Ail of 
this well-known practice may di\"idc the assembling operations needful 
to (inMhice Uie eoinpletei) unit assembly more or less minutely, and, up 
to a certain limit the greater the number of the assemblers in the line» 
the leas the total assembling time will be and the belter the work of 
assembling will be done« 

Tlicj^e methods are used for suudi unit assi^mblies only, and the Ford 
motor and chassis as^cmblin^ [nelhuds are believed to show the verj* 
first example of minutely dividing the assembling operatiooA of so large 
and heavy a unit assembly «s an auLomobile. Tliese Ford motor and 
chassis assembling lines are believed also to show the very first examples 
of chain-driving an assembly in progress of assembling, and hence arc 
worthy of the closest study by alt builders of eoiriparalively small 
asj^emblics of any description. 

The Ford shops assembling practice is to place the most suitable 
component on elevated ways or rails and to carry it past successive Kla- 
tionarj' sources of component supply, and past successive groups of 
workmen who fix the various components to the principal eonij>Dncnt, 
until the assembly is eompleled and ready to leave the assembling line- 
In some cases, where ihe shape 4>f the component is unsuited to 
travel on rails, the principal component is pushed along oo a finished 
iron table from one man or group of men to another man or group of 
men^ past sources of component supply, each workman or group of 
workmen completing the placing, or the placing and fixing, of one com- 
ponent before moving the assembly in progress to its next station. 

In ease the assembly in progress moves on elevated rails or ways, il 
is common Ford praetice to drive the assembly in progress by means of a 
slow-moving chain, and if the components are perfectly to gauge, so that 
all ojierations can be performed in predetermined times, it is lietter to 
drive the assembly In pnijjress at a fixed suitable speed by chjun^ at a 
uniform rale, than to move it on the ways by pushing. 

This Ford method of moving the assembly in progress has effected 
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remarkable labor-Aaving gains over stationary assombling with all com- 
ponents hroui^ht to the one point for each assembly, the labor-suviiig 
gainst bcin^ in all raso,i arrompaniwl by great reductions in floor space 
i^(|U]rL'd For llic assonibliiig u|jeratluii?i. 

Thus, up to S(?ptcmber, 1013, the Ford car chassis assembling occu- 
pied *iO(J feet length of floor apace, and pcquirctl 14 hours of one man s 
time to assemble one chaasis standing still iti one place while being 
assembled. 

April XD. lOH, with Uic chasaia chain-driven while assembling, 1.212 
Ford chassis were assembled on Ihrce parallel elevaied-rail assembling 
lines, by 3,080 huiir^ uf labor, giving one eba^^is ^L^^eiiibk-d For each 03 
minutes of labor, as compared with &10 minutes of labor iu September, 
1013. 

TIte shdiunary eliass!,s nssembling !n 1013 look 000 feet in leiiglb uf 
floor space, while on April $fl, 1914, the ESM^^1bling lines were only 300 
foot lung. 

As for Ford motor assembling. In October, 1913, 9»90fl labor hours 
were required to assemble 1,000 motors in one day, which gives 9 hours 
64 minutes = 50* minutes for each motor asscniblcd; May 4, 19H, 
l,00fJ motors, chain-driven on rails, were assembled with 3,970 labor 
hours, or '?38,500 minutes = 237 minutes and 52 seconds time for each 
motor-assembly completed, a saving of 356 minutes 8 seconds = 5 
hours and 5ii miuuLcs, per motor. In other words, more than 21;^ motors 
were assembled mi May 4, ISH, in the time it took to assemble 1 motor 
jn the month of October, 1913, when the motor uf^^K^'Uibly wa^ made by 
first-class American mechanics, working in what wa^i believed by the 
Ford engineers in the nitmth of October, 1913, to be the very liest man- 
ner po Visible. 

Beaidetf these almost unbelievable reductions in assembling time, the 
Ford shops arc now malcing e<iually surprising gains by the installation 
of compoiient-curn^ing slides, or ways, on which components !u process 
of iluishing slide by j^ravity from the hand of one operation-perforniing 
Workman to the baud of the next operator, thi/4 use of work shdcs being 
in ^ume irrslanees cotnbtned with oj>eraHon divisions. 

All of this Ford practieo is ol great importance to manufacturers at 
large, because the Ford engineers assert that these improved methods of 
handling work by slide:^, of moving assend>!ieH in pn>gress, and uf mi- 
nutely dividing assembling operations, can be applied to any and all 
small-machine manufacturing, with very large reductions of labor-cost. 

The writer of these Ford stories has had sixty years of mnchine-shop 
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Plan and Elevation of Piston-aiLd-Rod-A88emblui£ Bench and Slide* Showing 

DimenEions 

experience, ranging from cleaning castings and helping in the blacksmith 
shop to holding the position of chief draftsman and superintendent, and 
he believes that these assertions of the Ford engineers as to the extended 
scope and applicability of these new methods of work-in-progress han- 
dling and assembly moving^ are broadly true. 

I should say, in addition, that it was only at the end of three weeks of 
study and photograph-taking in preparation of this chapter that I 
became aware of the underlying principles by the application of which 
these incredible labor-savings of the Ford shops have but very recently 
been obtained. 

What is more, if the reader experiences but a very small part of the 
surprise and admiration the writer experienced upon being made aware 
of this new Ford practice, he will certainly approve of the space devoted 
to full illustrations and descriptions of the Ford new practice in the direc- 
tions specified. The Ford engineers are now moving over 500 machine 
tools in the Highland Park shops, and are having a large number of new 
machine tools constructed, many of them showing striking novelties of 
design, in order tolake full advantage of the new things they themselves 
have learned in the last ten or twelve months. 

The new Ford method of finishing the cylinder bores of small gas- 
engines by a rolling process, illustrated on page 126, gives an excellent 
interior cyUnder surface and is here first illustrated and described. This 
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mi'tliod o( cyliiiiliT-lion.* fiiiisliing txisls but vi'rj' lilltc, and is believed 
to produce results far superior to tiioiio obtained by llie very best (ylin- 
dcr grinding practice at a sniull fraction of cylindcr-borc grinding 
rosUs, and Uiit* )in»t disduf^iinif of tlit* Ford eyliudtT-I>on' ixjllrd fuiisli is 
highly iniportaiilgas*enginc cxinstruction news< 

TiiR Ford Piston and Connkctinc-Rod AKHEMnuxn 
To show what may be done by simply dividing an operation seem- 
ingly abcady rcciuecd to its lowest terms, and placing a sliort work-,slidc 
lengthwise of ther assembling bench; the first example of the improved 
Ford prsietice hero illustrated and described is the piston and c-onnectiug- 
rod a^embling, chmiged wiUiin Uie lost two mouthf^, m that now 1 1 men 
assemble 4»000 pistons and conneelmg-rods in uuc &-hoiir day. instead 
of IIk; 28 men <*nipIoyi:^ lo do <-xaetIy the Mrnie work less ihiin two 
months ago, and with no change whatever in tlie tools used, nor In the 
tiUimate operations performed, 

III addition to the labor-time saving, the pre-teiit pnuHic*^ of piston 
and rod assembling includes an inspeetor, who gauges and inspe^^ts each 
piston and rod assembly, with the result of no rejections from the motor- 
assembling line. With the fonncr practice, where one man did the 
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whole jo1> i>f pisl«jii and rud asst-nililiiig, tianierouj« iT'turtui were made 
from llic luotor-uKscitiblin^ line, causing; costly dclnys iu Ihc molor 
a^:«cmbltn^. to »ay nothing of the co5t^ of pulling down and rL^fisscm- 
hliiig the faiiUy |ii!«li>ti mid rod a«»<?niblir». 

Fonn PrsTONft and Pins 

The finished weights of Ford pistons vai^\ maximum, about six 
ounces. Each piston is weighed and marked on the head by a heavy 
ocntcr-punch usrd without a hamnii^r, with one, two, tJin*<*, or four 
center marks, dividing the pistons iaio four weight classes, maidmum 
weight variations in each class thpce-c|uartcrs of an ounce. After inspec- 
tion, the inspector places the assErmbties on one or another of four 
shelves, according to center marks on the piston head, and tlic pistons 
are pairtrd for weight on opposed crank-throws by tlie motor u:«scmblcr. 

The pi^lou?* and pins come to the piston-and-rod-OHscmbling bench 
with the pinn in the pisluiLS. Tlic n>ds (ronic to the bench by themM^lves. 

PiHTox-AND-RoD-As8P:MnuNf; Bench 
The work bench is covered with sheet metal on top. In the old style, 
where each man did the entire job (average lime about 3 minutes), each 
I*eiich had 7 piston-holding special vises on each side, with no inspector, 
and no inclined work-slide over the bench — 14 men to each bench, % 
benches, $8 men in at!, who assend>led 175 pistons and rods, average, in 
9 hours of each man's time, or about 3 minutes 5 seconds time, each, 
0]HT;ilion-s, tool.s, nnd liPiirhes were the same as now used in working the 
new methods, save that 7 of the 14 vises are now removed from each 
bench. No inspection, and many returns of faulty' piaton-and-rod- 
as^embling from the motor-assembling line attended the alder prRclicc 
The []at-top sheet-metal covered benches are 14 feet long and 4 ivi*\. wide. 
Here was a 3-minLiU> operation, very simple: push pin out of piston, 
oil pin, slip rod in place, shp pin through rod and piston aud tighten the 
pin-pluchlng screw in ibe rod lop-<?nd, and place and o[>en llie ijiiiehing- 
screw split pins; and, although the time was not very small and the work 
not faultless, no one Iiitd studied the job carefully, or held a stop-watch 
on the operations to find how the 3 minutes were actually e\]jended- 
Finally tlie motor-assemblitig foreman analyzed the time with the stop- 
watch nnd found that 4 hours out of the D-hour day were spent in 
walking^ — that is to suy, in body movements of each assembler made 
by moving Ids feet. 

In a day or two the foreman had split the single man into 3 men. and 
reported to the machine-shop superintendent that he had no use for 14 of 
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the 28 men on the piston-and-rod-assembling job, and the superinten- 
dent laughed at him. 

Seeing convinced the superintendent that the laugh was misplaced, 
and he then said that it was surprising that the job had not been changed 
before. 

It is of no use whatever to tell this story without detailing it as 
minutely as a split second-hand details operation-motion time-losses; 
therefore, one diagram and three photographs are shown, together with a 
fairly complete operation-time analysis so that the reader can see for 
himself much more than he could learn as a mere uninstructed spectator 
in the Ford shops, watching this piston-aud-rod-assembling job in 
actual work. 

Old-Style, One Man Performing Six Operations 
Operation 1, Drive out pin, with special hand-hammer. 
Operation 2. Oil pin, by dipping end in box of oil. Hand. 
Operation 3, Slip pin in rod-eye. Hand. 
Operation 4- Turn pin to take screw. Screw-driver, 
Operation 5. Turn in pinch-screw. Hand brace. 
Operation 6. Tighten screw, with open-end wrench^ and put in 
cotter-pin; spread pin-end with special tool. 

Time 3 minutes and 5 seconds; no inspection; 14 men on one bench- 
Average production per man, 175 pistons and rods assembled in 9 hours 
working time. 

New-Style, Operation Split Into Thiiee Divisions 
Bench provided with slide, 3 men on each side of bench and inspector 
at one end of bench. 

Operation 1. Drive out pin, oil pin, enter pin-end in piston, average 
time, 10 seconds. 

Operation ^. Place rod in piston, pass pin through rod and piston, 
with screw-driver turn pin to position to take screw, turn screw in with 
brace. Time 10 seconds. 

Operation 3. Tighten screw with open wrench, place cotter-pin, by 
band, spread cotter-pin ends with special tooL Time 10 seconds- 
Operation 4. Inspection. Inspector gauges piston with fiat sted 
gauge, places piston in pin-holding jig, tries rod to see if rod is pinched 
tight on pin, then holds piston horizontal in both hands and vibrates it 
slowly in vertical plane to see that the weight of rod free-end will barely 
rock pin in piston-pin bushes, and that pin has friction enough in bushes 
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to kwp rod from moving frctOy. a dclicalc U'st fur piri-fU In pi*toii- 
bushcs. If Pod works citijcr too stiffly or too freely Ibc asseuibly is ro* 
jected, goes back to aascniblcra. and Imu-* a larger or smaller diameter pin 
put lu, as cast* mu.y dc'iiiaiict. 

Actual inspi'ctiiig time about 8 seemids, leaving inspector 2 seconds 
time to place the iL:«5cnibIy on it^ proper slielf, according to tlie weight 
as shown by tbo tH-nter-piiiii'!i mark or Hip marks on Hie pislitn h^ad. 

The best lime recoi-d fur 7 men. G assemblers mid 1 iiisptYlcir, is 3jfiO0 
piston and rod assemblies turned 
out in 8 honrs, equal to one as- 
sembly in T^Via secnind-s of ime 
man's Ume. Average time, 2.400 
assemblies in 8 hours* with 7 ni' n, 
gjve-s on<^ assenibty in 84 sccon<J-s 
of one man*s time, or bi-Uer than 
double tlic work i>( out? man do- 
ing the ontirf* job with no in- 
ispeetur, and with a j^aviiig of 101 
seconds; of time of a».*«embling. 

With iuspi.'tlioiu under new 
»tyle, as said bi-rnr^-^ ihert? aR- no 
K-tumsof pistons from the motor- 
osai'mbling line. 

Tliis piston -assernblin;^ job 
teaches two lessons of first im- 
portance. The first is that there 
are great savings in labor to be 
made by splitling operations to 
Biich nn extent that th« workman 




West End of FlvwheeU Magneto 
Assembling Line 

'lliUvi tbr Unt of 1Il(? t'i>rd jthdin^r ourmbly linn 

f finauiM lu p !iv> ~, 




does not need to change tbc position of hia feet» and the second le*ion 
15 that a work-slide so located tbat the workman can drop hL% com- 
pleted operation out of his Imnd in a certain place, without any search 
for a place of deposit, imd also can reach to a certain place and 
there find his next job under his hand, i^ also a very important 
time-saver- 

TIic vises arc GO inches apart, so that tlicre is only SO inches reach 
requirtid fur the pistons and pins, which arc placed on the l>ench after 
operHtioii 1^ ready to Imnd to the man whu performs operation d, who 
in turn places tlie pistons where they are readily reached for operation 3, 
The slide is used (or the completed assembly oaly, and delivers the com- 
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Middle of Flywheel-Magneto Assembling Line 

pleted ajisemblios cluxir in front of the inspector so tlmt not, a niovi^ment 
need be wasted ftiiy where. 

In commcntiug on the late cLan^^ from the old routine ot piston 
and md assemhliiig lo the new mctJiod by which 14 men are made to do 
more and belter work than 28 men did before^ the foreman of aBscmbiera 
said, " Wc were asleep over that job, asleep and dreaming, I don't sec 
hnw wr ramr to ovcrloolc the possibilities the way wc did," 




Eastern End of Flywheel-Magneto Assembling Line, Showing Part of Chnin Diivc 

The diaia U Lclt^lrivdt to ft w^na aliAf t villi wonn kijat oa Ui« ouuitlc (tw) cud of a^Jn^lxt ahalL 
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Height of Movixg As«f.mbi.t Links 

II was in this auine aff^cmbling tIcpaHmcnt that the first moving 
isemUIy line, Ihal for ns^riribtiTig Ihc Ford {I^v-wIht! mji^cto, was 
inslalled. Of course, everj' one had everylhiii^ to l(mrn, and llii*» first 
Frjrd aii»emii!ing rail-line was biiilL 8 inches lower than it aliould have 
been. The correct height for the magneto iissembling, three ilhistrntions 
given herewith, is 35 inches above the floor for lb!?* job, Tliere were the 
iB&me uneerlainlies as to the best height in the case of the clia-ssi?*- 
wcniblinj ways. In all instjuKi's it i^ of lirst iniporl^mr^e tlml Ihc 




Aasembliag Tronsoiissian Casings 

Tvo gn^irun tinidJiMl Ibt-lfp bedk^FiH nn img^L UikE ut Ihv ri^hl r^^f bvjpg bittbcr thfla tha unv kI Xha 

workman shouk) slund upright, A stooping posture very soon tires the 
workman, and greatly reduces his efficicncj'. When the chassis ran on 
iU i»wii wIktU oil llie (lirtjr it brought ilungs about "work-high"; some 
of the operations were t*M) liigh for convenience, and jilatform** were 
placed on the floor where needful. Wlicn tlie first hiph line was placed 
for chassis assembling, with the chassis sliding on its axles on top of the 
rails Jt was made SCj'i inches high; two other chassis lines were iTislallcd 
each Mj^ inches high* one on each side of the middle 56?^-ineii rajl-llno, 
These two heiphts, iH^i and *4j'^ inches, arc retained with much aatift- 
faction, the tall rncn Ih ing worked on the high lizic and the shorter men 
placed on the two low lines. The Ford engineers attach so much impor- 
tance to this *'work-high" condition that they are now placini: n i^nnt 
number of gray-inin raising bases under varioiijs tnacliinr tcH?!.^, i>,irl ii ii- 
laily under prcssi,'^, to bring the work at such u height that the \«ofknmii 
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can eitiier ^aod or sit erect, any stoop being now well known to cause a 
marked reduction in the worker's output. 

The first fly-wheel magneto mo\'ing assembling line was installed, 
ready for work.aljout May 1,1913, but the desirability of gcDeral applies- 
lion of the mo\-ing assembly line to the Ford motor assembling and the 
chassis assembling was not at once fully conceded by all the Ford engineers. 

Fly-AVheel >l\gseto Movtxg Assembly 

This nioWug-assembly line is of historical importance as being the 
first moving assembly placed in work anywhere, so far as revealed by 
information to date. It is, of course, possible, or perhaps probable is the 
better word, that the moving-assembly line has been used somewhere In 
the world, V>ut it is new to the Ford engineers and entirely novel to me, 
If the mo\'ing-assembly line has been used elsewhere, probably this 
puV>lication will bring the previous use to public knowledge. 

The fly -w heel-magnet rj-asscmb ling storj" will not be told in full at 
this time. The Ford motor is the only one used for automobile dri\'iag 
which fire< the charge by current generated by a magneto built directlj' 
on the fly-wheel- and hence sure to run as long as the fly-wheel revolves 
— which, of ':^>urse, gives a more direct and certain magneto drive than 
can be had with a s<:parate magneto, gear-driven from the motor crank- 
shaft, after the usual practifre. Besides this* the Ford fiy-whce! magneto 
is a novel construction, and it is hoped that it may be fully described 
at a future date, but at this time such description is outside of the line 
of thought- 
Previous to the installation of this moxing magneto-assembling line, 
the Ford fly-wheel magneto had been a one-man assembly, each work- 
man on this job doing all the assembling of one fly-wheel magneto and 
turning out from 35 to 40 completed assemblies per 9-hour day. The 
work was done l»y experienced men, but was not so uniformly satisfac- 
torj- as was desired, and was costly as a matter of course, as all one-man 
assembling mqst of necessity Vjc forever. 

Forty assemblies per D-hour day, best time for one-man work* gives 
nearly 20 minutes time to each one. 

^\Tien the mo\-ing-assembly line was placed in work with '29 men, 
splitting the one-man operations into 29 operations, the 29 men began 
turning out 132 magneto assemblies per hour, or LI8S per 9-hour day, 
one man's time producing one fly-wheel magneto assembly in 13 minutes 
JO seconds, a saving of nearly 7 minutes time on each assembly, or more 
fhfln one-third of the best one-man time. 
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First OperaliOJis in Motur AssembLmg 

Pourinf i rill. - ij'r Ihifc''* Willi twij b*it>bill Wlli'J, uor IQ tflciiliflnd: bibbiU-m£.'HJnc fiirium- nl thcriirht. 

C^IitLJi^ri ^Ithlrj nn vt hot f>Utc brfoTv bnl^l^itrm^ annl jin- h«itvJ sv liuL tiuni bubLiLt irtil puur »vU- Tlia 

is&Ji ID thi* miclille puba ui^ nrnl i.:].i -i off lhi> bitlihitling jig: ihviaan it tbr l?ft 
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Operation lo- Cleansing the CyJuiders 

when |ii\'olTtrt4?a«lun1> ir't^ilvinpi Krmv-IivFii nbt^l, Luniinn tup (o Ir^ft. wliii^h curriis Uie cyUaUfM 
ilawu tl)nni»;^ a biit dcAiLrnDf botli, IIk? opmliitfk fiiiuiro Iw^i iui-a, uiiir lo ti!v,-i: the cyliailcn un |!b« 
ibcli'ot »Dd Uic olbflv. atui<lmg *t Uio n^ht« to Ubo liicnj off ■nil pUc«tbcui omtbe Mocmbliox liaei 
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A new high line with chnin-drivc was instdk^d for magneto iisscm- 
jbling jiIhuiI. March 1, 191"^, when the FoicI work d«y haJ bi^cn r^huHrmxl 
lo 8 hours. At that lime ihe mn^t^UvasMeiiiMin^ tortx* had hwji im- 
proved by substilutions and experience, and 18 men wore a»»emblmg 
1,175 mngnetos in H hours, or a little more Ihan 7 minuter of one nmii*ft1 

time lo nMseinblJii^ one itmgiK'lo. 

Tlie chain-drive speed wa* a 
iiiaLLcr of trial; it was first made 5 
frt-i jter iiilntilf^-, wlnrh was mrieh 
too fast; then 18 inches per minute 




OperadoD 14— Finish Valve Seats on 

Foote-Burt S-Spindle Drilliufi 

Machine 

was tried, and found nuich too ahiw : 
Iht^ Lliird trial vms 44 inches ptT 
minute (3 feet 8 inche&)r and U 
yet in use, though tlie foreman 
lielleves it rould now be increased 




Operatica 15— Grinding in the Valves 

The work ft Iwn nir^n vnin Nuvi'd h>' itinvinTf (lii.9 
Fuulp-Hurt uitt"hiae fiuia iu (Jri^'ioiil pUcc uu 



to advantage. The cltain drive proved to be a very great improves 
menl, hurrying the slow men, liolding the fast men back from pushing 
work on to those in advance, and acting as an all-round adjuster aad 
equalizer. 

As soon as the men became accustomed lo the Hutomiitically mov- 
ing uijsembly 4 men were takcm out of the line and the production waa 
100 iu excess of prc\-iou3 performance: 14 men working 8 hours assem- 
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hied 1,335 mitgncLos, uiakiiig 5 minutes of one man's time n^^emblc a 
niaguelo, as aguinj^L 20 minuter when one nuin lUiseinlilt^l the erifirv joI>, 

Tlie next attempt at niovini? the nssenihly in propre^s was made wilh 
ihr job of placing tljecrank-shadj^iii the fii-6/oc cylinders. An accident 
twviirrt'i] which renitllivl in prrsnnal injur;).* and pnt a slop lu new ninljilla- 
tionif of the moving aiisieinhly for a time, but in June, 1913, the foreman 
of the aHflcmhhng room look courage and spht the transmission -cover as* 
senthtinginio 23 operaHon-s not on rails bn ton flat-tnp inelal tMhI**-s, tJie 
shape of the transmission cover making rail-slidiny imprarticaihle. 

One man assembling the entire transmission cover produced from 30 
to 30 assemblies per fl-hour day. 18 minutes for each one. 

At iLcpiTsctit timc23nieo, t-acli wurkingoiifof tlie^S operatloiisfor 
8 hours, complete 1.200 transmiK^iion as7^emblie«, which gives 9 minutes 
K second:} for each assembly, or a little more than one-half the best time 
with otic man doing tiic whole job. 

These great labor ^aviiigii led to the first trial of full-tcDgth a^eni- 




Opeiation 17— Cleaning Cylinders by Live Steam 

n»iy «B lif tpfl inti H ironm lion, whirli *si1n*«J (ijjlii hy iJiiij:^ ltvi-r<, ^inl rlrjim^I by It Uvo-Atoun jcta> 
Tli« ftji«liiii,e-tv|)(t'J IluI l>ii1ti (Olh^lUuu 10} nuuj) At ihc left. The luifeduna id 
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Opcratioa 195^— Hydraulic TesUcg of Cylinders for Leaka 

It von iiufTUn^ltlc to pluLf? iIlu uiAcIiIur til thr 1tb<r. .Kt tlic li'fl !> iIh: luiuf iiii-iim'tl fruvily cxlinJrjr<^arri'ef| 
dowQ (ifaifli iht r^'liad^n nm u|>on i^kri. The aLKblnn a *4 Ford tl^igii and wmtruftioa- 



bling ways for motor a.*49eniblini;, in Novcjiibcr, 1913. Motor a&sem* 
blJiig till sepanil*^ Irem-Iies gave^ in OrtoWr, 1913. 1,100 men working 9 
hours to assenihte 1,000 motoiN, 

By inhtAllin;; full-length motor-Asficmbling lines and buildini:; some 
n«w tools to go into the niotor-aA»cnihling linr, aloui? whicli the motors in 
process of iissciubling arc iiiovixl by Imnd, now. May 8, 1911, 472 men 
working 8 houra a^somble l.(H)0 motors. 

In XoviTUibcr, lt>l^i it took nearly 5U1 minutes of one man's time to 
assembli* one motor. 

Now, one motor U its^ttrnibled in ^30 ininiitcift of unu inan^s lime, lu 
ogninst that ^I>4 minut(-s in Xovmibor> 1913. 

This very gr«at saving is due to the continuous lim- u^cmbling, to 
till* inslnllatiun of ^siirk-i'iirryin^ «-liiite.s und to lioldnig lh<.^ ru<»tor iis 
nearly as may be at one level during the entire cuurse of motor «ssen>- 
blln;. 

Some of the savings effected by placing the machine?* in the line-level 
are noted in tJie illustration captions. 

A complete Hat of the motor-assembling operations is given on pa^^es 
IIH-IZT, each followed by the time of performing the operation. 
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A number of tin- uu^i iypw^l o|K-nLl!nn?« »re illiiJstnit^; luii) 
inspeclioii of llie mnohmos and mctliod^ thus sliown, lo^Uber with the 
ilcscriptive legends arid the data of the iiunilx^r of men employed on each 
jolj^ will give B mm'li more comprt^hensive \tira. of Kurd pr;iclire in Uii** 
department tlian could be obtflined from any mere verlial description. 




Operation 3C>—KtJum(;rtuUt-ihttlt Utjiiui^s; i^tJiionned en Reed-Prentice Lathes, ot 
Which the Ford Shops Use Many 

Ibo knv«r vioir ihvm a ilide iiuluUati<JD Uy which iJie c^liadcri ijc currioi b/ gnvily to OpcntiuQ V, 
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NunLl>er of Tinuv 

Men See. 

1. Put c-ylmdr^r on hot pl.ilc Ami itluir holc» wiUi AAbvato^. . , 9 6 

S. l*uL cyliiiJer on l«ibbiUin>j (ixlun:. 1 4 

3. Put wi babbitting bar luiil plutua 1 7 

i. Pour Wibitl 1 d 

ft, Tjikr ljIT biibliitlbur aiulplatert t fl 

0. Take olT cjrUnder 1 8 

7. Choptijitrj* , 1 1^ 

8, IWtt hibbitl 1 II 

0. FUcgiit.<'s I 15 

IfK WiDtJi rylin(l<*r* , .,*.. 3 18 

II. (Mi-nii oul r1iip4 ami liiork oiil babbilt rhifi* 1 ft 

\i. Put ill liruucliiutf Io;jL> in 8 pusb-roii ifuidc bolen 1 30 

13. Take cybudcT from rack and bruoch 8 bolcd in ]>unch prr^ 1 IS 

I k Scat b valve seats in S-spindlc prow . . , 1 lOl 

I5p Put in valves in motor nliile other one grinds valve» 1 71 

lU. WkhIi aad iiin|k?ft v^dves. 8 S£ 

17, Slt^uii tylhider. B!nw out wxlh 72 sUaui ji^U S 33 

18, Put ViUvos l«if k in cylinder 1 8 

19, Assemble apriaf;^ and ^prJn*: scuts tj> motf>r, , 4 fl 

IttJ^. Wator-li^l cyliiidiT, Mutk ouUidc of Ihr linn I I 

9iO. Afiseml^kj valvc-spHii^ seal fans I 45 

^\ V\]r hurr-i fmm ('vlinHr-r iv>*^f nnH gaugf* hoW with bf*lN 1 1 * 




Operatioas 39 to 34, IncJuaive 



fiegmajiig of Second Assembly Line ; Placing tJie 
CtAtik Shafts 



TNSPECnON' AND ASSEUDUXa 



lltt 




Operatioii 35— Running the Crank-Shaft. Ford Machine 

BturiiJi^ tUMAl iMiuc utf Uus uiudiiuc BU]»klii(( hit], II [1m'>' urc ii»l lioL* il bli»Hii lUvy ilo nut tuudli tlir 

Number of TJm^, 

Men Sec, 

t2^ A-Hfi4*Dil»U' frmit nrii) cornier W^irin^ wiOi lim^ri uni] ImiIL*!.. . 1 W 

33, As-if'iiilik- itur cap and Ucilli and piil nn li nuU 1 ^ 

ft4i Ti^^htoii nuta on front be^mnj; and put i nuts on center 

bvaring 1 *5 

iS. Tighten tenteT'lHvirni^ hah nuti 1 U 

fS. TlghlPri inuiii l>iMriiig and tnl;*' cnsp frcm licm^. , 1 ft 

£7. Tjikr <^dindcr from liinr. In ImIh^ ri*iuii, Put oil Midi*. , . 1 1(10 

or 2 dH 

28. Itound comt^ra of bcariDgs, special ^ord mtu-hine I S$ 



20, Take- off caps, punch oi! hoivr., oounli'mink <iinJ nmrk ciips 
:fO. I^f* anglr en Iwnrin^, wip^ouldirt acid cbipgemrcovt^r and 

lay crank in plj»rr , . 

51. Otl-TiUine rr«nk-s|jaifl aiid lit Ihut* below tK^an'njf «ip:*, , . . 
3i. INit in ^ bcurlni; ljolL«. ti^ht4--ii nut» on main tx^jiriri^ Wit 

nnd li^iilcn nut on oni; ocntor bcannjc bull 

$^, Ti^titvn front Iwariug nuts and one center bo^nng nut-. . , 
54. Put In ootter pins and clean out front-cover end with wire 

bronb , .-. 
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OperftUoas 44 47— Placing the Com-Shaft and Gear As^mbJy 
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Operations 48 to 57 — Ford Motor -Assembling Liac 
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NmzibcT of 
Mm 
35< Itiin in rrank-shnft ..wtw.m- 2 

Biifl ^rnr assembly niiJ nre worKt-J ou u bt-iivli Icvd w'tXli 
Ulc»^>C1Dbli^lg lines. 
86. Ream bearing. - 1 

37. If roak bearing 1 

38. File b«airing 1 



Time. 
Sec. 
105 



7 
10 
14 




Up^nUon 5S— Running in the Pi£tOD&r Cam-Shaft, Cams and Valves 

Sfl, FiIt- wfl liurrs 011 caiit^^ltiifl flnn^ 1 

40, jViwioblc frtml U;armg lociini-^Tiaft . 1 10 

41. As»rtnbl<^ ^priit^ i*j Ijcnrmg and oMcmble cciiler be^lnie - . 1 14 
4^. A**omb|p ^iir lo cani'sbftft , . . . I H 

43. Twl out liifv of cnm-*h.ift gpnr I 10 

44. Drivr hribSH htiNhing in ran* and line-ream MOM. ... I TO 

4fi. Ajurmhlfr pmh rod:* in pi]>|j-ri)<I piidra. *>,. . I M 

4C. Drive com-xbaft id o'liiidcr tuid blow out tuotOT I SS 




OperaHon 59 — Ford Motor Assembly 

On a srpintt iron^op l^'iic-h of lEic Hitur. Iji-i^dl m tlir axAOdilil.v tim-f. Llir t^ip ^irlvcrn liftrr niiil V^lvi? 
ilcuiUGl^tO|tAiiKc, II t}»t j^np ii ti>o ^rrul the vjKTiDri'K'^tumldii'n'Din Ihr Hnt If it ia |4H>vi[kial1 
thn wf vtfh-tiTi*m DTidt nn? K'^mml vFI. Tlic m^krimn r«-iii-lun£ii[»H'un]on U«:rixliliri|>n(idiEi^ofT the Jl<'ia 
(ltd iin a Ijt^b-up cIDf'ry-^vflA<1. All mn-^o nL Uiid Kiidi urc Ami^hpfina aii'l oli-aroiiii'l mai^hLniatAi thtfy 
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Operation 73— Tighten Bolts with Electric Drill and Turn Motor Half Around on 

the Wflja, Placing its Front End lowaid the End 

of the Assembling Line 

I«2 



ixaPECTiox ATn> asskmbltno 



Number of 
Men 



47. V\ii In rjun-lx^aring set scrrws and utapoct aod t^ke pmh 
rodifmm lielow the valves .....i... 

l'i?(tt>Ti and ffxl^ Ais^rmitling i^ A Ai^paratc ]obi on |naloD* 
aiid'EVKl-aD^u-iEihlinf^ bench, 
46. Gmj^i^ pill Iwuring on crank-ahalt and Ecrape off burrs on 
cylinder bon-.s 



Timd, 
Sec 

m 



err 




Operation 78— Tighten Transiniasioa Cover Bolts aiid I'jt Lubncjiting Oil into llio 
Crack Box through aii OverL^Ad Oil-Mtd^urii^ Rig 

Wlicn Uie IwJvujiT oi-k i* *i|K'iinl 1«» inlinil ml (titlu- "Vcrbrii'l nimiurinii rvlimirr, m flriBi-iMmi«tf vnlve 
riv3 iiJiLiI It rU^ril^i^lLfftiiir vl^iiI, \Mjt:a tlii: <xcL ia u|h:iii:^ tv ilclivrf \rd to llir uiutur-CTUiL biti. tlie 
fliwl ilr^KfKJa. ailmiltliiir nil in the m<-Liurm^ r\!iii<]rr, Plaring thn sn\-mr*^tmt\gi <]cvi<x cvcrlifaJ 
viott tht H^rit <jf 5vi? mtap The rruDk-ixiX oU otiin^ noir Ukku cnly Ujc ti^nc tvquirrd lo move this 



49. Fit pistonH 

50. Fit riiijrs to pistoiu, , 

51. Stone bvitra on craiik-«<hait pina and turn over motor 

£?. Mark enp* on ru<li anJ retry pictonx and pull wire from 

writer jnrkrt - 

53, Tflki- ofTi'jijB Jind filf? muiic?. , ,. 

5i. Put on two lop tinjp itrd piii^b pi^ton^i m finder 

£3. l^JI No. 1 nnd No. 4 roth to trank pin anil pnl on nut4 

oDd cotter piti« 



n 
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OperatioD 84 — Paiat the Motor and Remove it from the End of the Assembly Line 
to a Smidl Wooden Sl&nd oa Rollers 



JR. Tarn over crnnlc and oincmblc No. 2 and No. 3 Twb and 

cflpit lo cmnk, - , , , 

A7. A»cmblo ntit;: and ooltrr |)infi to No, S and No- $ rods and 

InLr niiJlor off lirnrh . 

53. Dvtl pi&loii in bcUiug-out »Uiid. Utm id pifltons in cyl- 

iodcn 

S9. Time motor. Separate bench opcraliOQ i 

UO, Drive sludi hy imxMiw — (> ^luds^ . , . , - < 

51. ClesiEi i^yiinder and put an liead and jfiLnki-t und drivi> 15 

Irtilbi 

0^ Tit'ljlcn 15 cytiudtT-licod bolb auil put in 4 bo^n iiJug^i. . 

03» l^il on nmnntto c-oU , 

m, W^ire coil and jml in oil tubr and clomi) and f^auRc coil. . . 

65. AsM-'mble f.-jlindtT front tvjvtr - - - 

OR, H«ml ImniniiwIoH , 

07. .\^^'nl^l^ fjui iiidlry •<, ,. 

63. .\Mcmhlc commiitntor. .'<*.•■,..> r 

6ft. Inspfict motor ami blow otit vaivo doors 

70. Blow out motor. Otif mnn *A-i!l tiiko carr of two line*, , . , 

71. I^lton handn> uniwr«n1 Imll rnp. pun on motor and put in 

pan lK>ltA 



NumbtT of 


Tinme, 


Men 


Sec. 


1 


ftj 


1 


1^ 


3 


55 


1 


955 


1 


45 


2 


49 


1 


46 


1 


SI 
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38 
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50 


J , 


5as 
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00 
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80 
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Turn in the Globe- Joint Co^ Screws 
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rhe Man ai the Left is Numbering the Motor. The Man al die Right is Tryiu^ Um 
Stuadard Starting CnuJc for Its fiogagement with the Crank Shaft 

'HtfAr 0|vrft(iiir!gt t.pe [lerlnnuwl at ihe motor alnmiB on thi? uuaII ImdL 

L 126 


J 



126 



POKH MKTnOTW ANT> THi: rORD ftHOPS 



'" "i ^ i Am 


1 





New Method of Finishing Inside of Cj^lindcr Bore After Rcammt; 

A mifr of hanl'tlprl roller- rinrLiEii* nf Mii' t. fi. m, will) iV-iii'''i ^''''^ lv jiil%vn| ijm^t lliT'iiLllr 'Fjr tri^rr- jimi 
Up Oipiin. S*.*vt vtuki^l <m 'inll |in'^i**h oiip Iw^ir tvilij; mlU-tl Jit u lum-. u finir-'piimlir irun Inii- rn>w 
luiilcr Luoilruijliuu vlU riili iJl fuur l-v^IuiIit Ikki^ nt itm'^- TW hiiril'-.tr.^4 i<>ll<-k^ -i".- ^i.^uicl la a 
cur^r, iiiiLLiiitf Hlc-tl ll,<Wl ihcli UkiKi^ la tLuiniFlrr nt iJiC uiJdIr. bihI tin- ■--■k*' <>' ri.*llL-f] la mint frvi-1y 
whik" pnvii^if ttirt>uf[h the cvllndor twr*. Thin Duko *o eA«:ll«it i-vTin*l<r-li'>rc mirfwr, TUr Futil 
m"Ji*l T yjliniWra, vliicli ore »*i imliM lU diiunrtrr. wnviutl liniabi'J m nii.r *^h^ aJlft tvamtiti up|<j 
■(Htiit Apnln li>t4. w!a>*u lliiit nallmg protw (brlwv«l lo beoriiftnnl biiUa Ih" K^trrl V"in|inii>' umi a nm 
opcnrion iti fcat-rn^nr? 6aijihiD|j) wu iQtrociunil 



72. Tighten botts with el^trie drill and turn motor on ways 
^S. Fut twu rruut-i.-over ]h>1iw in pAti aiu] put Iraiinnii^Mou- 
corer Kuket i>ii fyliudw. .-.--, . . , 

74, Alembic triWMntviion cover to motor And |)ul bi two rtta 

bolUi 

75. Tighten eu^4ne*pAn boltt ftud put in cotter pbu 

7fl- A<ljiisl lituidi ..,.-- . , - , 

77. Put ill 1mri>rnTV4ion rovpr-t»-]inti l>nll-*« ntit\ \nd on nub . , - 

78. TiKblcn tranAmU«ioti covi^r-to-poQ boJt^ and put in cotter 

pinn and oil 

79- Aificmble 8low-»|>fvd <vjnnwtion nnd nHjtiPt name 

60* Aiaembic «xhau4t Hnd intake pipe ciamjui and 6 sbcitwm in 

tnilSlllifiFtiou-i_-i>vi?r door 
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70 
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67 
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Number of Time, 

Men Sec. 
8t. Assemble magneto contact and tighten transmission -cover- 
door screws I 71 

8$. Assemble exhaust and intake pi]>es with carburetor 1 50 

83. Put on side and top water connections. 1 55 

84. Paint motor — remove from line , I 68 

The next chapter of this l>ook on the Ford plant will show the chassis 
assembUng, the body placing on the chassis, and the loading of the Ford 
cars into railway cars. Succeeding chapters will show the results which 
the Ford engineers gain by the moving of over 500 machine tools, now in 
transit. The Ford shops, now having reached a production capacity of 
1,200 cars per day, if urged, for the first time are giving the Ford engi- 
neers opportunity to draw breath and look about, and do some things 
that they have never before had time to do. The results of this general 
overhauling will be fully told in following chapters. 



Chapter V 

MOTOR-TEST BLOCKS AND CHASSIS- ASSEMBLING 

LINES 

A GRAY-IRON foundry is not an automobile-body upholstering 
shop, and an automobile- upholstering shop is not a fjas-engine 
assembling nor a chassis-assembling department. These asser- 
tions will be accepted by all without argument or demonstration. 

How, then, can the Ford engineers be expected to reduce labor-costs 
enormously in the gray-iron foundry, in (he motor-assembling depart- 
ment, in tlie chassis -assembling deparlmenl, and in the body -upholster- 
ing department, by use of one and the same nieclianical element, a 
slowly- moving, endless chain? 

The Ford engineers certainly do make great labor reductions in the 
foundry, the machine shop, and in body-upholstering by simple endless- 
chain installations, because in all assembling operations it costs much 
less in labor-time expenditure to move an assembly in progress past fixed 
points of component supply than it costs to hold the assembly in progress 
stationary and bring the components to the one assembling location, 
and because the moving assembly gives more floor space for assemblers 
and hence permits the more minute subdividing of assembling operations. 

In the foundry, in ordinary practice, a poured mould is neither more 
nor less than an assembled unit, all assembling operations being per* 
formed in the one fixed location where the flask is first placed on the 
foundry floor. The sand is brought to the flask by hand and shovel, 
the pattern, gaggers, parting-sand, and cores are brought to the mould 
by hand and assembled, and, as the last operation, the melted metal, 
final component of this foundry assembled unit, is brought to the 
finished mould and poured into it. 

The Ford four-cylinder cn-bloc casting, the rough casting weighing 
101 pounds, is made in this way at this time. The Westinghouse air- 
brake-cylinder mould is made and poured and shaken out on an inter- 
mittingly-moved endless train of cars (240 in number, if memory serves 

189 
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^^1 corroctty). drags ami rope.'^ on »«parate cars moving to stations under 
^V Uic overhead sand-chute, post ihr groups of moulders and coPO'Settcrs 
^H anr! flask -rlosers, tothrnipolas where l.hc moulds are pourrd; thtni over 
^H fihakeMjut grute?* where tlic saud Tall^ into low trough?*, pixivijed with 
^M spiral conv4?iyors. wherein the &and is inoistcned, eul-over. and led to 
^m an clcvalor whieh lilts it to supply tJic sund chutes fiUiiig the flasks, 
^B Undotib tidily Ihr Ford fn-bior- cylinders mtglil lie nuiutih^l anil punrtxl 
^H on » Westtnghou^ endless chaui of ears running on two jiarallel Irauks, 
^H coQDCCtcd by semi-ctrelcs of track at the ends; but tlic Ford cylinders are 
^H not s*» ninitldet) nwiX poured; Ihcy are monldeil on the floor and poured 
^H fnrni ladU'S hung fnim overltearl railH. 

^H All iJie Ford-foundr>* small work is machine-moulded, copes and 
^1 drags separately in most instances; then the monlds arc placed on 
^H rndless-eliain-drivcn mould-rarricrrs which take them past the pouring 
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Single Motor-Testing Block, with Motor in Place for Running in 
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From the Test Block the Molors Aie Taken to within Reach of the Chassis-Asgem- 

bling Line in Truck Loads of 5 Motors Each, 300 Truck LoEids pei Day of S 

Hours for 1,000 Autos Assembled 

zone- and over ibf isLakc-out grulingN, a» m the WesliiighoiiH*: ntetliCKL 
Tiic- Fortl Riotilding mnohines slanti under sand chutes which are J*erved 
by ftu endless ehain of sand-distributing blades or iMishers, slowly 
moving 111 Ii^ti^^Iis ]»l«r'eil Jihove the heads of ihf^ machine monlders. 

The Ford pray-iron foundry is now installinfc a new core oven, 
eervcd by two endlesfi-chaia lines, all as vnW be fully described in the 
chapter on the foundry, latrr in thi-s bonk. Thr main Ihtmics of this 
chapter are the motor testing and etia!i?iis us^nnbling; but the spectacle 
of the body-iind-top chain-driven afiscnibliny led to a j^eneraJ survey 
of the Ford endless-chain assembling tines, which naturally oitallcd the 
Wcslini^housc rridlc'ss'lrain air-bnik(?K'yiinder iiiouldin^ and jHniringt 
and 80 suggested the close analog^' between machine-shop assembling 
and foundry' moulding operatinns, notwithstanding the fact that foundry 
operationa and machine-shop opei'alionft are so nnivcisally regarded as 
wi^lely tlissimilar. 

Before following the chassis assembling in detail, however, further 
attention must l>eKivcn to the motor bhxk-trst ami the details of motor 
"running-ill" tin tJic block. These important t>iK-niTions concluile tlie 
motor assembly (whieli was descrilKHl in Ihe preceding chapter) aiKl 
pn.^ci'njc the delivery* of the motor, wilJi its motor-aascniblcr'^^ record, to 
the uutomobiic-a^jsembl)' line. 

The Motor-Test Blocks 

The moUtr bhjckj* are nincU^-n in nnnd>er ail the dale of tim uTiting 
(June U 1011) and the day's motor production, whatever it may be, 
miiH be handled on the nineteen bhx-kii. This number will .soon be 
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Eacli t€6t-block consols of a Westmghouse tlircct-currL^ut fihuni- 
wcjund motor, ronstanl sp«d, showm^j ^0 horse power at «30 voIU, 73 
amperes and 7,>0 rcvoliitinris per minute. oquippM ^v'}i\\ Weston instru- 
miMit^ and supporit'd on a jtlund adaplod lo take llie motor and hold 
LUo Iraufiinission shuft in line with the niolor-armature shaft. The 
Botor under test is placed on the block and driven at ISQ revolutions per 
minute unlil the iw'^dW dmps to a 20-anipcrc mading, I his operation 
talung, say, from 3 to 5 nnniites; eacli niolur is j^ivt-n as iimdi time on 
the block as may be, but the floor mui*t be kept clciir of untested motors. 
No motor Ls ever passed until it makes 750 a'Vcjlution.s per minute with 
20 amperes of 230-volt current. 

The head bWlc-tester hfui one assistant, one te-ster to cvgt>^ test- 
block, and enough helpers to handle the motors on and off the test- 
blocks. KhcU h1cH.-k-t4?stcr has an alpliabetical ^teel fitamp with his 
own individual letter, and marks a certain serew-bead with hunuuer 
and letter sUnip at ihe end of ench teat, and also paints one other 
certain »crew-bejd rL-d wlien a motor is passed froni the test-block for 
UHe in the rlitt^sis-as^enililing line. 

The block-tester examines the motor wliile on the block for all 
the possible imperfections enumerated In the list on the following 
page. 

Imperfections discovered are noted in pencil, on Hmall, while, stiff 
cards, UBin^ list terms, and a straight vertical pencil mark h made in the 
corresponding blank space al the left of tJic specified fault. One card ts 
filled for each fault found, and all cards arc (ixed by one particular 
screw to the faulty motor, which is then sent to the motor-repuin^ 
department, working four men only, who arc all-round machinists, and 
who take care of all the motor rtrpuirs when as many as 1,100 motors 
[)er flay are being iurnrd ouL 

This list of motor repairs is lon^ because it includes every fault which 
has been so far discovered in any Ford ''Model T" motor 

Each day's report, of motor rej>ciirs !» sent by the head motor a^%em- 
bler to the machine-shop superintendent, After repairini^, the motor 
goes buck to the tester, with its fnult-cards, is placed on the block and 
given another trial, and so on until the motor shows no faults- By 
applyiuf^ tcsl eerlifieation mark.s to two speeifiinl boll heads, fin- 
Uhin^ rc^'ord-spots on motor eastings is avoided; also, if the two 
specified scrcwi* should be removed, no one could be sure the motor 
had been tested, as it would then be without test eertifieation 
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MOTOR-ASSEMBLT ReCORD 

TriplicAle sheet, Form No, 386, printed in black» on one side only, 
as shown on the next page, thin paper, three colors, size 9)^ inches 
wide by 8)^ inches high. Jllled by head of motor assembling, one 
original and two carbon copies. The green original is placed by 
the head assembler in a heavy envelope, wired to the pedal, and goes 

UST OF POSSIBLE IMPERFECTJONB FOR WHICH EVERY FORD UOTOR IS TESTED 

Oil leaks in transmission covers. Cylinder head bolts won*t go down; dirt 

Oil leaks around pedals, in hole, etc, 

Oil leaks between transmission cover and Clutch won't release, 

pan. Adjust transmission bands. 

Oil leaks at door of transmission cover- Hole in crank case. 

Oil leaks between transmission cover and Crank case arms out of line. 

crank cai»e. Put in pet-cocks. 
Oil leaks at magneto contact- Change small gear. 
Oil leaks between crank case and pan. Repair carburetor. 
Oil leaks at end of cam shaft- Clutch shift grinds on shaft. 
Oil leaks at end of crank shaft. Broken gear cover- 
Bottom door bolts leaking. Hole in leather pipe too small. 
Loose rods of gasket knocks. Tight ball-cap bearing- 
Rods striking pan. Loose front-cam bearing. 
Manifolds, cracked, reset, etc. Threads stripped in drain-plug hole. 
Defective cylinder heads and cylinder- Tight cam-shaft bearing. 

head gaskets. Cam-shaft brass bushing too tight. 
Tight piston rings. Magnets striking spool. 
Bent cam shaft. Change fan pulley — wabbles. 
Valve trouble, push rods, bent valve stems. Cracked and leaky pans. 
Change water connection. Noisy gears. 
Metal in transmission- End play in clutch-lever shaft. 
Hole in cylinder. Clutch adjusting-screw too tight. 
Change cam shaft, bearing frozen. Motor out of time. 
Put on water connection. Hole in cylinder base- 
Intake pipe leaks- Hole in water jacket. 
Noisy transmission. Motor pumps oil, 

with the motor to the chassis-assembling line. The yellow carbon is 
filled by the head assembler and also placed in the envelope wired 
to pedal, going with the motor to the chassis-assembling line. The 
white carbon is filled and filed by the head motor assembler as his own 
record of production. 

All of these motor-assembly triplicate record forms are numbered in 
red, in numerical sequence, as are also the automobile-assembly records 
described near the end of this chapter* and to be more f uUy explained by 
an examination of the Ford sales and shipping practice- 
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MOTOR ASSEMBLY RECORD 
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Motor-Assembly Record. Filled in Triplicate. One Copy Wired to Motor, die Others 
Filed as Explained on the Preceding Page 



Ford Special Nut-Brace 

The Ford shops have brought out no end of original small tools and 
fixtures, and a considerable number of highly original ma^rhine-tools, but 
this is the only liand-tool involving notable invention that has so far 
been brought to niy attention in the Ford assembling. 

In case of placing a free-body-fit bolt, the head of the bolt must be 
held while the nut is turned on and forced to place- With ordinary 
wrenches, the assembler holds the head from turning with one wrench, 
held in one hand, and turns the nut home with another wrench, worked 
by his other hand — a slow operation at best, and, in many cases, very 
difficult because of obstructions which prevent ready access to the bolt* 
head while turning the nut to place. 

With the special brace (page 135), which has asolid nose fitted to the 
nut at Nj a block, 5 B, fitted to slide on the brace-body, B B, with an 
off -set extension, fixed to S £, reaching outward beyond N and then bent 
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iiuviiixl iiiui eii<]!nj{ tii lli«.^ Ijend-liolder^ // //, cuiicicnLnc wilL B B aud iV» 
tho bolt-seating op^^ratioTi becoiucs easy am) rapid. 

The bolt-head and nut arc shown tis holding llic plale-s P^ PI, 
logetlier, llie plates lieing nil ^w.iy U* shfuv Hit* hnll. An (i|>eii n»iN 
spring, Sj is placed I>e- 
twecn -S /J and iV. With 
Ihr liolt in the hoW in /', 
PI, und the nut earned in 
N, S B U pushed towani-i 
A' until //// can he slipped 
ovt:r the hnll-licfid; Litrii 
S B h pt^Ie-iisetl, S puIU // 
S onto the boll-head. 
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special Brace, Evolved bj Ford Chassis Assemblers 



and tlie assembler tlien has both bands free to run the nut homo by 
o[>eraling tlie hnure In the usual nmnuiT 

Three of these bolt-head-holdinj^ nul-brnces are used on eaeh auto- 
mobile assembling line, nine bmccs in ulL saving tlirw men on cacli line, 
$Iij per fi-hour day, or *4.5 p<T day on the tlircc assembling lines, whieh 
U a \nrge intcnrfil on the brtice eost. 

Fonn CnAftsift Asskmuuno 

Thtr Ford chassis a&seuibliJig in nii)viiiy Iiru-s ;LlTi>n].s :■ li!ghly inipres- 
8l^'e spcetaeic to boholders of overj' chiss, technical cir non-teehuical. 
Long lines of slo\^ly moving nasemhlies in progrc-ss, busy groups of 5ue- 
n^sive ojwralor*, Ibt' rapid yn^wth of the chassis as rompimenl iiftt^r 
component is addwl from tlie overhead sourc<^s of sujiply, and, finally 
the instjint start into sc1f-mo\ing power -these excite the liveliest inter- 
est and admiration in all who witness for the first time this operation 
of bringing' together the varied elemenls uf the new and seemingly vivi- 
fied creation, on the three Ford chassis ftssembliuj; lines where over I .^00 
have been put together and driven out of doors into John U Street in 
one single S-lionr (lay. 

CoASftis ^VfiscMBLrNG IN CnALx-DmvEN Lines 

Vp to August, 191.% Ihe Ford cha^ssis was assemble*! in one location- 
FirsI the fnmt aiwl rear axles were laid on the floor, tJien the elui.<st8 
frame with springs in place was assembled with the axles, next the 
wheels were placed on the axles, and the remaining components were sue* 
ccssivcly added to complete the ehassis. All components needled to make 
up one chassis had to be brought by hand to each clmssiK-as^mbting 
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location. This routine of »tftliotiAr>' cbaaai^ assembling was, iii Scpl<;m- 
Iht, 1913, worked with I wo liiirs of asseiiihllng-llijor spare, 000 fcot l*mg, 
19 foot chassis- 1 o-<^hassis centers, 50 assembling Ic*rjitions in each (lOO- 
fool hnts 100 cars in process of asacnibhng in the two line;*. Working in 
lliiH roulini^ GOO men were piiiployerl, ."iOO taring assemhlers wlio were 
supplied with components by 100 men tteling as component carriers. 

Aljont April 1, 101?', the first sliding asficmblin^ line, used for 
assemhling the Ford fly-whf^-l magntrto, was placed in work and imme- 
diately showed a large reduL'tiuii in usscmbltiig Ittbor-cosl, Conse- 
quently, the possihility of lowering cbassis-nssombliDj; costs by intro- 
ducing the moving as^mbling linr for chassis as^trnibliiig became a 
matter of di^c-iisston anmng ihr Font iriiglnctrr^. 

Ill the month of Au^usl, 1D13 (the dull season) 9.^0 nsscmblerg, with a 
stationary ossdubling location for cacli chassis, the asseuibtcrs being 
served by 80 i-iiniponent carriers, worked 9 lionrs per day for ^0 days 
to liiniont 0,18? chassis aHsemhllej*. Ti>lal labor hoiir.s33n X 9X^0 = 
77,2Wliour=i, giving 12 hours and^iS minuter for labor lime on each chas- 
sis, about as good as was ever done with stationarj' chassis assembling. 

Tlie asNenibling line was long — 000 feel — but even at that did not 
give room enough, and 12j ^ Lours of labor time seemed altogether too 
much for one chassis. It was in the dull season, and an experiment 
was made with rope and windlass traction on a moving assembly line 
350 feet long. Six a>iscniblers Iravek'd with the chassifi as it was slowly 
pulled along the floor by the rope and windlass past slatioriar>" means of 
component supply, and the rhaanis-assemliiing time was reduced to 
5 hours and iiO miiin1(^*s of one riian^s tinie»over.'tri percent saving. 

October 7, 1913, on a nioviug-assembly line 150 feet long, with no 
helpers, components beinw pik^ at suitable locations. UO assemblers in 
the line con»pleteil ■tH.'><'liassi-H iisspiublte:^ in one9-!ioiM- day, 3 hours and 
57 niinntes uf one man's time for each chassis ossend^liiig. 

The Ov'kScmbling line was lengthened by degrees to 300 feet, ^ving 
the men more room.,nnd on Deeemt>cr 1, 1J)13, 177 assemblers working 9 
hour> lurneiJ ouL 000 eoiiipk'U*d chassis iiT^^euiblies, about € hours 38 
minutes of one man's time to ciieh ehii^sts. 

December 30. I9iy. working two assembling lines, V.)\ men com- 
pleted (i-^i rhasf*is its!H'niblie> in <)m' J)-liotirday, a litHek'ss than ^ hnnr« 
40 ntinute-'^ »>f one iniiii's time for each chassis, the cars being pushed 
along by band. 

January 14.» 1914, one assembling line was endless^hain driven, 
with favorable rtrsults. 
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Consmictioa of Chassis-Assembling Lme of Etavatod Rails 

shuvrn (ill«l iwti-hielu wtUi Uuka AiJuidiQi! up rniJ 

Januarj' 19, four rhassls-asscmbling lines were worked, only one 
liii** beinff rhaln-clrivimp Tin? wliwk wen* put on as soon as 
the axles ajicI the ehassia frunic^ wt^rc aa^mblcd, and the m- 
seinlilies in pro^^ss ran with their front wheels* on the floor aitd 
llieir hind wheeU carrit'd in S-whtvIed cmdle^, uwd to give easy 



138 



rOKD METHODS AN5tHE FORC SttOl 




Another View o! the Clm5si5'-A££embling LineSj from a View Point North of the 

Tank-Platfonn 

The ehmn ii in plocf. but not ttn'trh^^. I'ilc ol mufflers it Itft hand 

plfioing of the rear wheels on Lhc motor-dlarliiig drive at the end 
of llip line. 

February 37, 1914. lhc* first Kiph line of rails with c^hain drive was 
used. The chassis tiVul on its usL^ nn pulled hy tl\e chain, and the wheels 
were applied only a short distnntc before the motor-stArting was 
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reached. This first high line was made with rails 26^ inches above the 
shop floor, and at once showed great advantages, tlie best time for one 
chassis assembling being only 84 minutes, while the worst time was 2 
hours. Two other high lines were soon installed, 24 J/2 inches high, with 
chain drives; tall men worked on the line 26^ inches high, and short men 
on the other two lines, 24 J^ inches high. 

The Ford engineers make a point of "man-high" work placing, hav- 
ing learned that any stooping position greatly reduces the workman's 
efficiency. The differing heights of the chassis-assembling high lines 
are believed to be decidedly advantageous. 

On these three high lines, on April 30, 1914, 1,219 chassis assemblies 
were completed in one 8-hour day, each chassis being assembled in 1 
hour 33 minutes of one man*s time, as against 12 hours 28 minutes, the 
best time with stationary chassis assembling, September, 1913 — ^93 
minutes as against 728 minutes — and it must be borne in mind that the 
September, 1913, Ford practice in chassis assembling was fully abreast 
of the best known in the trade. Very naturally this unbelievable reduc- 
tion In chassis- assembling labor costs gave pause to the Ford engineering 
staff, and led to serious search for oilier labor^reduction opportunities 
in the Ford shops, regardless of precedents and traditions of the trade 
at large. 

The chassis was not completed when it ran out into John II Street, 
and the first practice was to let the driver run the chassis up and down 
until he thought best to abandon it to the motor inspector and the rear- 
axle inspector, and to return to the end of the assembling lines for an- 
other chassis to drive out into John R Street, The bodies were allowed 
to slide down an incline from the second floor, and were tlien dragged 
along the pavement by one man and stood on end in a bunch south of the 
chute. 

^Mien the assembly was completed on the John R pavement, and had 
been inspected by the motor inspector and the rear-axle inspector, it was 
again boarded by a driver and taken to the bunch of bodies, where four 
men lifted a body into place on the chassis, and the completed automo- 
bile assembly was then driven to the shipping-clerk's office, between the 
railway tracks, ready for shipment. 

This procedure afforded plenty of gaps and vacancies for discre- 
tionary proceedings on the part of all the men working outside under the 
head assembler. The next radical improvement was made by laying 
down the angle-iron John R street track, running southward from the 
exit door, under the body-chute and something more than a chassis 
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k-ii^th to ilic south of tilt? chule; 
Hiiil lliecluile \\s**\t \Mi.< \tn'soii\]y 
<K|uippe4.l with u cflr-body han- 
dling rig, not rcganlcci as the final 
llung, lull serving 1o plar^^ a Uculy 
on the cliassis with uno haiulling 
only. The ground plan of the 
thrr<: rhassis-aAscml'ling lines m- 
sttlc the shop, nud uf ihc* John R 
fitrotl track, is ^ven lo scale on 
this page and the numerous illus- 
Irafion* in lialf-hnie will givothe 
reader n fair idi*a of the ehas^U- 
a^enibling procx^dure, 

TiONa 

Itnuist be clearly understood 
tlmt the nioviiig-assendkly .sjteed 
is varied to suit ex;ictly eaeh in* 
dividual ftssembling job. As each 
<i|>eration is perfnniied while the 
work pa&sefs slowly across the sta- 
tion Qecupic<l by each assembler 
or asst*mbling gang, the time of 
transit past tliis statiun must be 
suHieieiil (or good work aitd do 



m<jre. 



rile (ir^l ii-ssj.-nibliiig line es- 
tablished in the Ford shops 
(for the magneto) was originally 
HSp<^detl atCOiiirhes per minute^ 
which proved niueli too fast. The 
nexl speed tried, 18 inches per 
minute, was found to be as much 
too sk>w. The third guess, W 
inches per minute, answered so 
well that it is yet retained. 

The da*ih-a*isemhly line travels 
73 inches per minute; the front* 



I 



•«*il ^ 



Mounting ChfissiE Frames on Springs 



•A: 



^t 



Pres^ Operator Filing Fender and Ron^Board Brackets co Chassis Frames 

7lii> VHtr b Ml tlir iifdJi f-b«l iff lijc^ <L*^ii-iiti«'i'ii vluivU-Hiiil'flprij^fiii .iBxruiLtliuf: lint-. <iii %liiili llir <-tiu«| 

fnuncv »rc c<brT;c<l W the b«uUi Jof VAnutw opcrAiioai afloi tkc [ruucd or? loi^wilfd tm Uac dpnngi 
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ftxk'iiftfteiubling line 189 inclies pcrnunute,aiid Ihe body-und-top assem- 
bling line 1-14 inches per nunuie. Thf: speed of ihr: dKiasLs-jisM^ntbling 
line jj* 72 In<]ies (6 fi*el) per minute. 

The work is so divided among the aasemblers that coeh operation is 
performed in 7 minutes and S6 seconds, turning out 300 compleli' chassis 
assemblies on each cha^ssis-assembling line in 8 hours of working liute, 
save in case of operatioiw 1 and 4. 
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Placing Axles under the Chases Fr&mes and Springs 



OPEHATrONS 

1, Tlireemm; oneprcss man and two cha^sia-frame handlers- Fix i 
mud-gUJird bmckcts, 5 on ench side, to the ehsuttis rniui*", flOO iil 8 Kour^, 

S. Six men. On moving Uir^i fix rear fipnn^ to ehussis frame, GOO in 
8 hourrs, Operutioas 1 iiud ^ arc on a side line, work moving from north 
to :^rulh, and ihls side Iiiii? luniK out 000 trhas:^!^ friiines wilh 4 niti<l- 
guard brackets and rear springs in place in 8 hours, enough to supply 
two lines of automobile asseuiblcrs. work mn\'ing from south to north, 
each line turning out 300 automobile assemblies in 8 hours. The Ford 
IlighlandPark sljopson June 11, 1914, were tumiiig out <S0O automobile* 
per day. and about 400 more perday wen? assembled at tho various Ford 
branches, making about 1,000 new Ford automobiles assembled per day. 

To assemble more than 600 automobiles |>lt day, two pr<.^scs and IS 
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men arc worked in operations 1 and *, and tin w autoniobile-asscmbiing 
lijK-:« are worktnl. The high production and therf^ord at that date were 
1,^H aulijmobile-s assenibteil in oue 8-hoiir thiy at the Highland Park 
plant. 

From operation 2, all operations arc performed on two automobile-* 
a^^niblii^ liueii sujuiltaite<.inKly, »ame nuinlM^r of men and -same opera- 
tions on each line, assem- 
blies moving from south to 
north. Operations per- 
formed and men used on 
one nittomobilc nssemblinj^ 
line onl>', here follow, 

3- Tlirtviiien. Twonien 
l^laee and f\x the rear iixle, 
connecting the rear spring 
1 1 J (lie rear-axle spring 
^haekleH; one man working 
flimultiineonsly w i th the 
other two places and fixes 
I he fnint-Mxh* nsst^nibly un- 
der the chassis frame. 

4- Two men. One com- 
]iK'tcs the fixing of front 
itxlc» pluees the two com- 
bined lamp -brackets and 
front mud-guards, and 
catelic^ luits on, while the 
other man place-^ and fixes 
i1h^ mud-guard bracket 
I L ij^^-rods. 

5. Two men, Plac*e nuts 
on trusfi-rods. Place and 
fix rontroMcvcr rock-shaft. 




Lowering Motor to Place on Chassis 



(i^ Out" njaij. Fixes front spring, tightens nuts, and puts ia 4 ^lit 
pins. 

7. Two men. Complete fixing of combined front fender-irons and 
lamp brackoLs. 

73'2- PlatH* one gallon of gasoline in the gasoline tanki on ga£<dinc- 
tank bridge. 

8. Two men. Phicc gasohne tank and fix same, also place gasoline 
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food-pipe. The tauk receives oac gallon of gojjolinc before leaving the 
gasoline iauk bridge. 

9. One man. Willi hard-grease sj'ringc ("dojR* gun") injects 4 
pounds of hcav>' grease iuto the be\'cl gear uud differeutia) hou^ 



SI / « 



After Tflkiae the Dasb Assembly 

Lftokiog vuutbvriuii from ndiAlor platr<>na 

ing. AUo placca 1 pound heavy grease in universal joint globe 
housing. 

10. Two men. Pla<% motor aiul counoct the nuivcr^il joint of pro- 
peller shaft to the changa-gear BJiaft. 

11. Two men. IJne up mud-guard hmekets. Tighten rcur-spriug 
I>crch nut* and plaeL' tlic cotter pins in sam«. 



14G 




Applying Radiator to Chassis 

loolonff sfnjH>wnr<i, ahuwin^ faJvitor pUtlortn 




Applying Wheels to Chassis 
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12. Ojie iimii. Plaii-s *»p3rk plugs. Fixes same. 

13, One man. SotiUi and caps motor front-supporl and wir«* 2 cap 
screws, 

14. Two inirii. Fix globe liuusing to eud of transniLision case, plnce 
2 l>olU and 2 oiip wrcws- 

15, One man. Put colter pin:^ in the nuls placxxl in operation 14 and 
w!r*- tlw cap-screw lt<.nids placT^i in tJi*.' same «|Mrratian. 

10, Two men. Place and fix tlio 2 rear crank-case braoket bolU 
and i bolts with split pins. 

17. OiM* mnn. Places 4 
grease cupa^ i in un!vcr!^aU 
joiDt cAsings and 2 in roar- 
axle gear Uoiisin^js. 

18. Twonien. Placedash 
«B8emb]y. Place 4 bolts. 

10. One man. Places 
tmifll^^r and fixra exhaust 
pipe^ also replaces n^ar-axle 
bcvcl-^ar housing ffrcase- 
pliig, aftiT first making cer- 
tain that grcji^.' has been 
properly supplied. 

20. One man. Nails 
nJime platr or! danli iMHr.rd. 

21. One man. Adjuiits 
pcMlab travel. 

22. One man. Fixes 
steering-column end tochas- 
sis frame. 

23. One man- Places 
and fixes eonimutatnr. 

24. One man. Places acetylene-gas pipe and its supporting; bracket 
inside chassis frame. 

2/j. Two men. Place ^plit pins in fender and lamp-bracket bolt nuta; 
also put split pins In 4 dash-board IkMIoiu holding^liolt nuts. 

2fi. Two men. Place and fix motnr-hood clips and hood "blocks** 
(wond-strips) and connect the spark-plug wires. 

27. One ninn. Places radiaUrr support and spring studs and nuts, 
and places split pins in nuts. 

28. One man. Tightens and pins mufllerfising bolt nuts. 




Workman in Pit under Chassis, Capping Front* 
Axle-Brace Globe 

Tbc lut opvmljoD in <:biunB ajiL^^iiibliiii;, The figure ikl ihc 
ri^t i* bMuIlJuii the cxknuiL lioK 




Chassis Leaving Rails on Which the Axles Shde, to Run on Its Own Wheels 

Thp ihtct'jtef'l ouln^ iTir-Irninir tlii' rhjun-'Irivin^ belt uti" Fthowri at upLxr Ti.'fl. Ml UdEtii wlu^b ooilld 




Fillifig Radiator and Starting the Motor 

Tbc driver b flLttiikfC ou tljc K-^^utiiK? Eunk, TL^- !< v^ man iianila on a l<7cr hooked o^^r lie mf udOb 
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29. One iTittii. SxrciireH gsisoline feed^jiipc to carburetor; also eoii- 
necXs I)mk<?-rod. 

30. Two mcu» I'lacc motor pans, one on each side, under cliossis 
fniiut', iiiitl pAn-)inliliri^ i>oltvS huiI iiut?i. 

31. Four men. Tiglitcu motor-pau-liolt nuU and pW^* ?4pliL piii^ in 




Chassis Standing with Rear Wheels on Bail-Bearing-SLippoit^d Tdlers, So Hiat 
Motor Caa Drive Wheels at Any Speed during the Rear-Axle and Trans- 
mission Running Test 

33, One tnun, Pirifi stccriu;{-j^'4.-fir bracket nut, and adjusU spork- 
tunc. 

33. Two men. Put on wlut'N. plncv wluvl mils. 

34. Onr man. Conm-t^'t* t-arUiiri'lor '*puH rod" (gives more or less 
gasoline) and adju^ts X\\t: carbuix'tor, »nd turns on the gasoline. 

35. Tliree men; one lir^ad ebecker and 5 checkers, one on each side* 
also act us iiLspectors. Hecord cliassis numbers and car uuml>er», fill 
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blank records in reconi sheets. Form 14, The third man is record 
inspector, and (illcr of his own ntimbcr record book; superior to the two 
checkers- 

S6. One man. Cii]is slocrmg conucctirig-rod ^Mk- <?iid, plactr^ 5 

cap bolls, places nuti and 
piir* ihcm, 

37. OiiemAn. Connects 
niaj^neto wire, and paints 
bolls and nuts on right mle 
of dialysis. 

38. One man. Pliices 
radiator and its water con- 
n<Tlion ami lop stay-rod. 
ami places carburetor prim- 
ing rod, 

M. One man- Tighlcrw 
rjidintor water connection. 

-to. One iriaii. Plnces 
lints and split pin$» mdiator- 
.snppurt studs. 

41. One man. In pil> 
capg front*axle radius*rod 
^lobe, and puts on two stud 
nuts and wires same- 

4^. One man. Paints 
bolts and nutn on left side 
of chassis and radiator. 

43. One m»n. Finu) in- 
spector, Lags defects. 

44, Two men. Fill ra- 
diator willi water, handle starting weiglit lever on rear axle, nml lift 
rear wIuh'I* off'slarliii^' fricllim-whwls and attach exluiusl hose. 

45, One ninn. Driver, drives car on to John R street line. 

TnE Jons R Stkeet Track 

In PCRular course of events the cliassis is driven from the motor- 
starting drive at thenorthcnd of the asscmbliug line, tlirough t lie door 
to John It street, directly on to the John R slrwt tr.iek, and is there 
left by lis driver, wlio walks back into the shop and takes out the next 
chassis which has had its motor -started. The John R street track was 




John R Street Rail Line FiUed with Cars 
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Bodj Chute, John R Street^ Looking Northwest 

L-uillcM-lM-lt c.mtr"! by mnn nt \rvri ni cKtr>m<: rij^hl rf pKt- 
fitrnir 'J'wfn tinikHlo'4 on lop «jf |>Lil^jnii tw k'fl *)t tin- [l^S'^j ii^o 
art tohdy X-jtlmrl U"i m-il iKwIyilovu tli'-' I'liutc Ni'nf tl»" fool 
[if th*^hMt■^ timlvr th? nv^kkn^^ giillowi frjiini', ttv-omiHi^ inr^nn 
riirh ti'if lit body, arr- mnkinj; itinjft, liunj^ fnim T-hf jJtHlLiv* 
r'niuh(4r. iiM U' tin* IhmI^ Thr i-lin^iK O.-iniU m tW Jrft. 
rriLiJy In Inke Oh: btHly, Tbr; miucii the Ixji, .it rizlii cbIIovk 
UlJriji^lLL ^tuilfuli lUc uju^ntiriil tit Uw.- k^^J^'** frmm-- Tlii? 
nuui nl Irfl j[iLtJ(ifT« ii|»n|[ht hljinJi ^'Acly ii^ (iir<xl {hi body 



notplrtcetl unlll fifUrr llie 
need (or it was plainly 
ftpparent. T Ii c en r I y 
prar-HfYT iiirluiiei! a, run 
up and down John R 
street at diserctionof the 
driven who did not leave 
iLe car tnitti he saw fit to 
do so, Tlie constxiiieiiii' 
wad, ttiut with new cars 
coming out of l\\r shop 
door at iO-second inter- 
vals, the street wa.-i filled 
wUh cars running up and 
clown iti no regular »e- 
quenee and with a con- 
siderable waste of the 
time of the drivers, as 
wji!» shown by the fact 
that sL\ drivers wore taken nlT as soon as the John U street track 
Iiegun to he wsai. The Jolui R trnck also clcanc<! up the trafEic con- 
gesliuii at that point, and the placing of idlers on hall [n-jtriTig^ at one 
point in the John R street track made the rear-axle running inspection 
passible without takinff the ears off the track and placing the rear-axle 
hou.'ihi^H on small vvuoilen horses so that the rear axle could be inolor* 
driven witliout moving the cluissis- The*e idlers in the John R street 
track at once showed their value by almost entirely clearing that 
thorouglifarc of all new cars save Uiosc on the track itself, 

A v<.Ty considerable 
list of ehassis-asfiembling 
operations, performed 
foniierly between the 
sliop d'K>r whence tlic cars 
cjone out and the bo<Jy 
rluite,are now performwl 
on the John R street 
track> with that rotid»le 
lime-saving wliich always 
followi-d ke«;ping work 
Placing the Boiy en the Chassis - lU progress in one well- 
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Applying Tops to Bodies 

lIuTT AR tfn> litUK uiie ilrivrn tci ilflis'i-r ^nn** 4 iir lf> Iwirtii-Ji pi-r hmir nLfir<> than lli'* otlvr, Tlip fivl 
IJiH' u usctl ftfu-n ImaAir is impurtjiDt. tliL^ alow Ujic wlu.'n Itif^rr i« ]ilnily uf tiini^ 

cic-linird Hoc and tiius leaving as lillle a^ pos>ili!f? lo tJie wlum or cKoic-e 
uf the individunl workman. 

As Boon OS a cimssis lA driven onto the John R track the clutch is 




South Ecd of Body-and-Top Assembling Line, 340 Feet toogi Eodless-Chflin Driven 

Vliyt It 4fi[iliriiNp, T'nlil i^ry Ut^ly tUU lvi>1y-iimLln|-i-«t*-nihliiijr vq^ prrfoniM^H hih |ilniHn^ rni'h Unly 
on fi f^ur-nhrrli-d Inirl^ in^f niovlnj^ltirlniflci by hhn<l- r.hL- Uru- wm limj/. nnfl :ill fhr TriL^lc* *rn^ moi'nl 
•t iju'-'* III "liiilinu-t' U' till- 1iln>f(if n himi. N'uw, *<ith iW rWn-iIri^ ilii^ rvrryltjirK prxnn-fli in pi'dixX 
unliT, mil) nhb u Eulcr ircli^'^liini ri^ libor <»4L4. Tht hw\\e% urv rnvivr^ At iLc kuiiLb cntl iff luc; lluC 
OQii dcLjvcrvd *LtL Lvpi «p|iljiil at Uif titiKEi rmJ 
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North End of Body-^flnd-Top-Assembling Lines^ Showing Drive of the Chains 

Tlu-^rr i> yvl tJiuohi diETTivQov m Ihi- EDi^'biiniimt M Lbr Fvnl vLujn Jhvca, uLit^b Kill prt>bubTy 4»uJi fin4 



•Vm-p" at 



ndjustcd so that, with thp motor running, the chassis will 
something less than walking pace alung the unobslrucied track, souUi- 
wonl toward the body chute. The man who tightens the cluttJi also 
throttles ihc motor to low speed. 
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Automobile Assembly Record, Triplicate Form. See Pages 157, 158 
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Form 84a, Chanlfl Awembler's Daily Report to Hachlna-Shop Superintendant 
8 br 5 bicbei, Tcij thin iriute piper. See pafn 157, 118 
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Next, tlie water c<mnw*tion to tlie ra<iiutor h iiuwle tlf-iit. If it nhovs 
any Irnk. 

Tlirn the top nut of the steering shaft, which holds the hand-whct^l. 
Is put on, uftrr in^ipcetiou to make *iin^ that tW hand-whiMrl key is 
in place. 

This is followed by careful carburetor adjusting. The Ford cars arc 

pi]ii]p]>i-f| alH»ut hjilf and half with 
1ImU> atjd Kiii^.'itijn c;Lrbu rotors. 

Next the motor inspector, who 
must, be an rxpert and mu^t hear 
well, puts the iiHitor thniugh its 
paees^ and if he detects any fault 
the chassis is taken out of the line 
and goes to the ''iiospital," across 
the sLrwtt ixhi-rt? the niolor h 
made to nm rij»ht or i-s exchanged 
for one that docs run right. The 
Ford ^tj-frloc rylin«lei's casVingA are 
piled in the open air for 30 da>'^ to 
"season"' before maehimng, but 
may develop leak-s when plaeed in 
actual work in spile of the shop 
hydraulic test, and the hi^lily 
spccialiKtrd motor iaspcctors can 
ri^lilly inler]>n."tt^v**ry Miuad irijuli; 
by a running motor, and so are 
able to locate accurately the point 
where any abnormal sound orig- 
inates. 

Finally, the hind wheels of the 
chassis arc brought to stand on 
four flanged-sleeve b.all-bejtnn^ idlers and the rear axle is run at various 
speeds and its ruHses are carefully noted. Here, again^ experience and 
quick hearing are indispensable- The rear axle makes hut Utile noise 
and the in.sprctor must be able to locate ccrtniiily the cause of any 
unuKual sound. 

The rear-axle inspet^tion takes place under the body chute* and when 
c\*erytlung is right i he chassis runs to the south end of the chute and has 
a bfKly place*! on it^ and is then rea<ly to he driven out to the 
shipping i>latf orm. 




Endless-Ctutin Lowermg Tanks from Top 
Floor» Outside^ to the Taak- 
Platform Inside 

Juhn ft DlfftT »ik of 1!k' ihop. bokiDfi nrrth'VMt 
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Thr illu-slnition ou page 152 gives an excellent itlca of the orcIcTlj' 
(^ondilioiiK MTfuivd by the present melluKlis. Aiij'outf wLo saw Jolui R 
strict in tiie slrenuoits days preceding tlie installatioii of Uie truek wUI 
iipiiivciatc thorouglily the ia^p^o^'etneut in methods represciitwl by Uu* 

Every Jiiolor has an individual number, as each chassis and body 
littve, but tlief^ two numbers arc not the same in auy one car, and it is 




NotPlW 



Fitting Top on Body, on Chain-Drivea Line 



needful the factor>' sltould have a record of the number of the motor 
and of llie chassis and tJie body which an: assembled together to foriii 
one complete automobile. 



AuTOMoiiiLK- Assembly Record 

Triplicate Form No. II, printed on thin paper in three colors, is 
filled by the head of the rhaK.sis a8.sembliug, one ori^'imil and two 
inirbun copies beiug made. It carries the entire si)ecifications of an 
automobile on a sheet 9?4 inches wide by 8}i inches hi^h. 

Use of Uic green nri^inat; after the dash assembly is fixed to tJ»e 
chassis, the motor-ii^sombly iw^^nl rnveli'iH* (Fi)rm 38(1) is nnuovL-d from 
the ptxial and fixed to the slw^ring whet'b The green original automo- 
bile record is pluced in the same enveloiw. The yelluw carbon al^o is 
placed in this envelope with the green original. The white carljon ia 
filed by the head automobile iLSScmbler v^ his own record of production. 
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Daily "Car" Report 

"Car" here signifies either a chassis without a body, or a chassis 
with a body making the assembly a complete automobile. The word 
Decked," in this form, signifies "Body on Chassis." 
L-H.R." means left-hand control, regular, 
L-H.M." means left-hand control, metric (for foreign trade). 
R.H,It»" means right-hand control, regular. 
R.H^M/' means right-hand control, metric. 
"L,H. 60 ins-" means left-hand control, 60-inches gauge, for southern 
trade. 

This Form 842, a single sheet of thin white paper, printed in black, 
S}4 inches wide by 5}4 inches high, constituting the chassis-assembler^s 
daily report to the machine-shop superintendent, is filled daily by the 
head of the chassis-assembling department and by him sent to the ma- 
chine-shop superintendent, who files it in his office, as his own record of 
production. 
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Chaptbb VI 
MACHINING AND ASSEMBLING THE FRONT AXLE 

THIS description of Ford practice in finishing front-axle compo- 
nents and carrying them to final assembly supplies a concrete 
example of actual machine-shop results obtained by carrying out 
certain definite principles. These underlying principles are: 

(1) A broad survey of the field af effort with a wholly free and unfet- 
tered mind. 

(2) The careful examination of existing conditions. 

(3) The elimination of every needless muscular movement and 
expenditure of energy in the shop-production routine. 

What is more, these demonstrations of Ford practice show the ulti- 
mate results of ideal factory conditions— conditions in which there is 
absolute freedom both from any restraint of individual effort toward 
labor-cost reduction, and from that still more often imposed limit, the 
inability to incur necessary money cost. It happens that the Ford shops 
have several capable engineers working t(^ether in perfect harmony, and 
that these men of ideas are so fortunately placed that the cost of changes 
and improvements need have no determining influence whatever oa 
the carrying out of new methods and means by them devised. 

At the date of this writings June 9^ 1914, the Highland Park shops 
are working altogether fifty-nine men in the tool and fixture drawing 
room, forty pattern makers and four hundred and seventy-two tool 
makers, and there are besides these, three hundred men in outside 
machine-tool shops — say a total of eight hundred and seventy-one men 
employed in reducing to practice two broadly new methods of lowering 
Ford shop-production labor-cost, viz., by the placing of work slides <rf 
greater or less length, and by the use of the moving assembly. 

In addition to this work on installations which are supposedly new, 
the Ford shops are simultaneously completing the moving and replacing 
of more than five hundred machine tools to carry out what is termed in 
the Ford shops "progresuve production*'; that is to say, the scheme oi 
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placing both machine and hand work in straight-Hne sequence of opera- 
tions, so that the component in progress shall travel the shortest road from 
start to finish, with no avoidable handHng whatever. 

In other words, the Ford shops at this time present a large-scale 
laboratory demonstration showing results which conform absolutely 
to the theorems formulated by Professor Jones and Mr, Knoeppeh* 
It certainly is not often that theory and practice, abstract reasoning and 
the results of such reasoning in actual working form, can appear in one 
publication in such prompt succession and in such convincing coinci- 
dence. 

The finishing of Ford front-axle components with work-slide installa- 
tions, and the front-axle preliminary and final assembling lines, are of 
course purely technical examples of advanced machine-shop practice; 
but it is this very fact which makes this actual shop-practice story avail- 
able as a demonstration of the correctness of the labor-cost reduction 
theorems formulated by Professor Jones and Mr. KnoeppeL 

Again, while it is undeniably true that thought must precede action, 
and right thinking alone can show the road to right doing, it is also 
undeniable that the sight of the actual right machine working in the 
right manner is far more impressive to the rank and file of "industrial 
economists,'* the practical shop-men working to reduce shop labor-costs, 
than any printed words can ever be; and because of this a fully illus- 
trated story of ultimate shop practice, like this description of Ford 
front-axle production, has a highly efficient educational value of its 
own, because an actual presence is more impressive than a-mental con- 
ception. 

The study of the finishing and assembling of front-axle components 
shows how labor-costs niay be very greatly reduced by three expedients: 

(1) By placing tools and men in operation sequence, so that each 
component shall travel the least possible distance while in process of 
finishing. 

{^) By the use of work slides, placed so that upon the completion of 
one operation the workman can drop the component in one unvarj-ing 
place, convenient to his hand, and so that gravity shall carry the compo- 
nent to within the easy reach of the workman who is to perform the next 
operation on the component. 

(3) By the use of sliding assembly lines, chain-driven for the final as- 
sembling, but having the partial assemblies moved by hand. 

"Tbe BasAos Adnuvistntcr; Edv. C^ Jooo. Hie EDginceiiiig MAgtauae Co^ N. Y. t»-t*llHij 
ESdcbc; UcU»d»: C, E. E»>eppci ibid. 
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The Complete Front-Axle Assembly 

This front-axle assemhlitig job also shows one original machine tool 
hy whith two liand opfraiions and one machine operation are ingcnl- 
ously coinbint^, hiuI the moviag assembly line is tin- lalL-^l Ford injft»l* 
lation of that class, and shows some labor-savins peciUiarilics of much 
importuuc-e. 

Tlieilbj-slniliuns given hiTewilli sbuw tla- t-oiupk'U' rr(.i[il-axle»>cM'iit* 
biy, a sectional \'icw of the £tub-a\le and spoke flaTif^es and the ball 
bearings, a floor-plan of the machine-tool placing for finishing of compo* 
nent-s, a sheet of rough and fmiahi-^l dri>i>-forged componenLH with their 
q^mbols, an<l many pictnre-s of component finii^liing, together witli views 
of the various novel aids in assembling. 

Fohd's Globb-Jointino of Axles 

Ttn- Vtti\l Model T t'ar places a Imlf-elliptic sprirtg, convex side up, 
on each axle, and perches the chafisis frame on the Lops of tlicse half- 
elliptic springs^ which ore shackled to the front axle and to the rear-axle 
hou&ing. Ttic rear-axle housing \» prolongetl to a forward glohe-end, 
which is taken by a globe bearing, fixed to the chassis frame. 

The front axle is fitted with two horizontal diagonal braces, reachinif 
to rearward, ending in a glolie, and Ihift globe is seated in a globe bear- 
ing, also fixwl to llie chassi.s frame. 

Tlie en<b of the springs can safely endnre a ver>" t^onsidenible tor- 
sional (iexure; honec the spring-hangers, or shackles, wliich secure the 
spring ends to the axles, arc brass-bushed, with closely fitted pins and 
oil cups, all with the highly desirable result of making the uir of this 
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model extremely well adapted for the roughest of rough-road work; in 
point of fact the Model T car can stand a twist of 24 inches in its wheel 
base, 13 inches for each wheel above or below level, on contrary sides 
front and rear. 

Ford*s conception* of the low-cost car for the average man included 
the necessity of good performance on bad roads, or no roads at all, and 
this requirement was met by globe-jointing the axles to the chassis frame, 
thus giving the car the power to run over any surface, no matter how 
rough, whereon the motor could be made to turn the wheels without 
injury. This unique conception for satisfying the engineering require- 
ments of the problem will be yet more fully understood from an inspec- 
tion of the illustration on page 161. 

The front-axle body, T-20'5, is milled on a large and very peculiar 
Ingersoll milling machine having a hand-revolved and machine-fed 
work-carrying fixture, of which two views are given. 

The feature of prime novelty and interest shown in this front-axle- 
componeuts finishing job is the work slides, placed wherever they can be 
of obvious advantages an<l in many places where they seem at first sight 
to be needless, yet in every instance making large labor-cost reductions, 
some of which are specified later in this story. 

Of course, speaking }>roadly, there is nothing new in the use of 
troughs by which material or components under construction are moved 
by gravity from one location to another kxation. But the placing and 
using of such metal troughs, or "work slides" as they are here named, 
in the manner in which they are now (since 1913) placed in the Ford 
shops, is new to me, and the labor -savings effected by these work slides 
are incredibly large — vastly greater than at first expected by the Ford 
engineers thcniseh'es, who believed that the general use of these work 
slides would be advantageous, but had no expectation of such unbeliev- 
able labor-cost reductions as follo\\'ed work-slide installation in every 
instance. The true cause of these labor-cost reductions is now known 
to be the saving of thought and of muscular movements gained by fur- 
nishing a fixed point where the workman may drop a component when 
his operation thereon is completed, and a second fixed point where the 
workman who is to perform the next succeeding operation can certainly 
pick up the piece when he wants it. This is the whole story, and the 

■ This coDCeption ia pulpnlcd (he world over. The Amerit'an patent applicatiuna and issue dates are 

Subject ApplicatioD Date U. S- Pat, Date U. S. P, 

Re&r-avle fflobe jfflnl Feb. 34. 1003 Dec. £«. 1903 717,900 

Ptont and rear glob« July «1. 1900 Oct. 14. 191S l,07a,M7 

ftcot ftoa r«F fflobed Oct. 13, 1911 Nov. 1% 1911 l.OM.OSa 
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Front-Axle Prop-Forged Components 



Ford enpineers arc now plaf-inf? these work Blidos e\"er>"wherc, always 
with m«rkcd reductions of lahor costs, 

Tlir WTond H>foniVlinig fcatiin? sliown liy tins fnHit-axIi' joIj ptnnt is 
the mveri^rd drilk'rs» fihunn workins* front elevation, on pa^c 108, jtiwt 
conimenled upon at length cl?*cwhcre, 

The tliird notahk- machinotonl novrlty shown on the fronl-axlc 
c^nipoiient*lini>hnt^' floor is tLo hirgf fruTiUaxk- body T-^0^, itiilling 
niaehinet shoini in three views, pn^e 165 front, and pi\jro 160 right end 
and rear. Of courfic. there is nothing broadly new in fitting a iiiulti- 
flptndlc milling machine v^illi ;i rvvolving W( irk -holder; hut tht* large 
sizi", peculiar construction, and excellent performance of tliis fruut -axle- 
body fork-and-spring'perch nulling nuichine* fiupplied by litgersoll to 
Ford cngiru-crs' spi-riRcations. give this tool nnvdty and interest. 

There are fuur niill-earrying spindle** overhead, each of the uut'dde 
spindles carrying four pairs of straddle mills lulaptcd to mill the fork 
bosses of two axle bodiusi at once, while each of the inside spindles carries 
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two pairs of straddle mills to mill the four spring-perch seats of two axle 
bodies at the same time. 

The axle bodies are clamped to a revolving work-carrier which has 
four faces at right angles to each other, these faces being long and 
wide enough each to take two axle bodies laid flat, side by side, and 
leave room between the axle bodies for the straddle mills on the four 
mill spindles to work. 

This large and heavy hand-revolved axle-body fixture has journals 
at each end, carried in slides which are moved up by action of an under- 
neath cam-shaft, driven by worm-gear and tangent-screw, and has also 
a large capstan wheel at the right end by which the fixture may be hand- 
revolved; the fixture can be latched in four positions, 90 degrees apart. 
The four flat faces of this ^e^'olving and lifting horizontal work-carrier 
are provided with studs, clamps, and nuts at each end to hold two axle 
bodies on each flat face of the carrier, the pair of axle bodies being 
located on the carrier faces by two swinging spotting fixtures, one at each 
end, which arc jointed to the end frames to swing in a horizontal plane. 

This work-carrier is counterbalanced by two 1,200-pound weights, 
suspended from chains which pass over two idlers for each one 
and then take hold of the slides in which the revolving fixture is 
journaled. 

Two workmen, one at each end, fix two axle bodies to one fixture-fiat 
standing vertical before the men, locating the position by the swinging 
spotting fixtures and fixing the two axle bodies to the work-carrier by 
means of the clamps, studs, and nuts. Then the spotting fixtures at 
each end are turned out of the way, and the man at the right unlatches 
the revolving fixture and gives it a quarter turn by means of the capstan 
at the right, and then latches the fixture in position, the four mill- 
carrying spindles running continuously. The man at the left then 
starts the cam-shaft running, and the cams lift the fixture, carrymg two 
axle bodies clamped to its top horizontal fiat face, up to the straddle 
mills, soap and water lubricated, and feed the cut up to top position, 
when the cams permit a quick gravity drop of the fixture, the cam-shaft 
drive being automatically knocked off when the fixture reaches low 
position. Meantime the two men have fixed two more axle bodies to the 
next vertical face of the work-carrier in front of them, as before, and 
when the work carrier rests in low position the man at the right again 
indexes the work-carrier a quarter turn, front side moving upward, and 
then the man at the left again starts the cam-shaft, all as before. At the 
fourth indexing of the work-carrier the men have to take off two nulled 
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axk bodies before they can place two more on the vcriical flat of the 
Crtrrier in front of Uitriii, and so on- 

At first all thr juunials were oiled by mdividuul oil-cups, timt* wast- 
ers and uncertain in artion. which were soon chan^^cfl for automatic, 
2S-lcad mrrhaiiiral oilers at each end of Ihc marhinc, best nliown in 
tlie right-lmiiti end view. 

The four mill spindlos are worni-^car- and worm-driven, as shoi\'n in 
the rear vi«w. wliich also dliowa tlie wonii and wonn-gcar drive of the 
cifni-s)i>Lrt» llie bell drive rif the soap-aiuUwaUT rel urn |>tnnp, and ihe 
belt drives to the automatic oilers- There Li no return of the lubrioaliuj; 
oil, which runs down into the nmchinc bai*e. The work-carrier balance* 
weight chains are shown at each end in the rear view, taket» wilh Ihe 
mnehine in work. The front view was taken with the machine idle, 
because the flood of Ronp and water applied to the niilU in work runs over 
the fixture and obscures details. 

One grinding of the gangs of mills of this mitling-marliine will m!ll 
from 150 to 175 axle bodies. T-i02, to within gau^'e limits. The gangs of 
mills are on individual arbora, so as to be removed from the machine 
and n*p!ac*iHi as unit iLSSc-inblres. Five tool-grinders are trtuistantly eui- 




Froal View cf Ingersoil Special Milling MaclUae tor Milling Ihc Front-Axle Body 

^n^ paaciimc ij prtrWd*^ wrtb i hoTizt>Dta} fipiif-«i^«'J. rnni-lift'^^i :<n't t»iid n^^'clvi.'d vork-bL>idmg Hxlure 
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Right Ead of Ailc-iio*^y Miiiing Machine 



ployed ill keeping up iLese 
f^uiL^-niitl nsscniWics, aev- 
cnil complete sets of which 
an* used, su ibaL there is do 
delay in changing. 

The regular practice is 
to change these gang-mill 
a^Kemblies once la four 
hours, removing them from 
tho milling machine Iwfore 
i\u* work ftliows any sign of 
not being within gauge 
limits. 

Speaking from the tool- 
maker's side of lliis axli^ 
body milling job, Uicrc is no 
uniformity of mill-Ufe for 
"once grinding/* Tlt<* Iiest 

r<^*t*rd is four-days work for once grinding : poorest> part of one nxle only, 

a Imrd axle taking the edges off six pairs ol the straddle mills bt^orc eom- 

plrtiiig the fimt cut* The grand average is aljout four^kours life, 

changing Ihe gangs of mills twice in each eif^hUhour day. 

This machine fini«lics the twelve surfaces on each of two axle bodies, 

twenty-four cuts in all, at the same time, and tnma out about 450 milled 

axle bodies in eight hours, 

with two men, and uses 

about one pint of lubricat- 
ing oil per hour. Three 

other milling machines of 

differt^nt fonns are now iise<l 

to bring the milling up to 

900 axle bodic-s in eight 

hours* but these \vill soon 

be displaced by a se<:on<I 

machine of the same general 

de*iign as this with many 

changes and improvements^ 

the two IngcrsoU machines 

together being exptTlc^i to Rear Vi^w of Axle-Body Milling Machine 

mill abuut 1,000 axle bodies in eight hours. 
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Page ICfl shows the fronl-axle-hodjwirilling Poote-Bnrt .sjieiMal 
four-.'ipnKile driller. The holes are fir?il jij^-drllied to rough diameters, 
then Uio jii;-hasht?a are changed to fijiish diameter, nnd the drilb nre 
changed for reamers to ream tlic holes lo finisli rliametcr. One niaii 
on this foiir-spiadle driller drills 
and reams sU holes in each one of 
about 130 froiit-axic bodies per 
eight-hour day. 

It U a proverb amon^ special- 
tool designers Uiai & man will 
walk round and round the best 
method for any job and not see it 
for a long time, if ever- Tliemnre 
common event is that some otlier 
man, a stranger to the job, finally 
di»i*overs the one best schouic. 




Stub-Aile aai Steering Ann, with BaJI 
Cone Aod Nut 



The spring-perch seats in tliis axle-body drilling job are about 2V$ 
incliort tlirouglu and tl»e eliip-clearing spiral of the drill* clears the bole 
of lubricant jUi^i aa surely as it carrieii the chips upward, thus forcing 
the drills to work drj' in beal-treated stock and making a ver>" hard job 
indeed, almo^sl as bad us the 3tulj-a\lc hnb-ilrillini^. 

Suppose 1 he same genenil formuf a lion/ontalwork-earricrras thaton 
the axle-body milling machine were used^ slatiouHry axis, no rise and 

fall action, with, say. tlio 
lowLT third of the hunzon- 
Uil*ii\l^-ft\l lire d i a m e I or 
submerpwl in lubricant, and 
suppose the lubricant reser- 
voir to Im- fitleil viilh four 
borizont:U driller-qiiitl re- 
ceiving sleeves, in which 
cij;ht driller <|uills wei% 
spinit-gear-driv^en, drills at 
Flight angles to Ute fiictnre 
axis, and the correcrt dis- 
tance below it, the four .spindles on one side to carry drills and the four 
on the other side to carry reamers. Tlien all the drill nnd r^aimer work 
could be submerged and perfectly lubricated, the rcimiers fnllowing 
the drills hark, and the workman having noUiJn^ to' do save to tndet 
iLe iixture round iiud put on and lake ulT Uie (ini-^Ii-n^jimed axle bodies. 




Stub-Aile and Ajde-Body Assembly, with Spokc- 
Flangee in Section 
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Then ll>is drilling and reaming job would be performed und^ the most 
advantHK<^oiis conditions, with n liwg,c reduetion in first co^ of tlio 
drilling mnrhine, a saving of drill wear, and consider^le saving in 
la Lor lost. 

One wor<] lipre a,^ to the practical detti^in^ of s|>ecial labor-cosl- 
rcduction nmchino tools. 

It IS a c<»Tiuiioii haying among shop men Uial "everybody -fakes ihc 
hardest way first," and every machine-tool designer can rocuU nKiu>' an 
instance in his own work where a later idcu was much better than the 
first one, althongh the fir^t idea was so good that t1 wns eagerlip' n^iluced 
U.> praolkv la a j^rt^aler or less extent Ix^fore the ini?4oug!it, hiler, and 
betler sche^iio forced itsi'lf upon the designer's atteution nilh tlic result 
<rf throwing away the previous work. 

To avoid sneh iinj>!eiisatnt events It is j*nirly lime well s]»eiir, Ijefore 
be^iniiin^s drawings, to comiider ftdly and impartially everj' plan and 
niethix) which might possibly ser\'e the occasion, no matter how strange 
or ahsiird the plan appears at first sight ; and such considcrat ion of secni* 
in|{ly unavailable methods xhuuld not be superficiaL but most careful 
and painstaking. It is excellent practice, when undertaking a new con- 
struction, to write, in lull detaih every thought and scheme that can be 
mentally evolved before going to the drawing board at alh and the 




Front View of Four-Spindle Inverted Drillers s^th Celfor Drills 

In ttui jwb of drilliua *i;-ia, li'ilra In T'fU* &nct 'V-tQ* tUf wort ii nliov^ thf rfriirn. Thr <<iivtiiL|E •ds«* 
cuuuut be Lubricalcit Lul luutl w^-rk tlry 111 li('dI'1rr4Li»1 tiwl. wliirb u nCmuil]; 
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DfilUug t)ie Fork-Eitds aiid Spring-Perch Hc1« in tlk« FroiU*A]cle Body T*iOf 

Thv furk^tuia &rv diilird wiLti unliaary twisl diillj hdcI llic' BprioE-ptn:!] boTa nritli Olfur driEh, boo[i 

designer who follows thi-s praciicn will very Acldmn tint) timt lii? Ims 
wasted aiiy liiiie by (lf?)ay in tiding the T-s(|uare ami s*^Ie> 

The "invertetl drillcis" used for drilling the stub-axle hub-holes 
(time alii minutes, drill lubrication, drill spindle and drill (('cd umler' 
niMith, with work-£;*x»liiig ov^Theud and drilling from one way only) 
ini^ht havf bcvu timplitied aiid changed aj« followt;, and probably wouid 
have been so ehunged had the conet^ition oecTirreil to the designer: 

The SfSj-miimtt's drilling lime is more than twiee the time ot any 
uther niuehiiiing u|>er»tion on the ^^sterriiig Kpindle,^* or Hlub-axle- Hie 
Btub-axle liiib is stronj; and ^ives plenty ol tiold for chucking; hub a^s 
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and spindle n?£is mi^^ht both be horizontaU the jitiib-axle to stand Atill 
aknd be coniplcti^^Iy tini^hrd, except the Aplit-pin hole, at one chucking 
only, (he hub to b*" drilled fmni both ways at onre, rtHlticin^ driliiiig 
time to, .say, 100 i^econds, the axUs bein;; finished while the axle hub is 
bcin^ drilled and reamed, and all cuts mode submerged in lubricant. 
Tins method of rhuekinf? and fini^ihing avoids placing the stub-axles 




Fiai siting Components T-a7o and T-282 on Recd-Prentice Special Integral Lathe 
Head-^Stock Spindle And Two^Jswed Clutch Disk 

A BtLf-upcuinfi tliT^a^Jin^ <\'n' ii fn'-J Ur i\K tmv tim] \.-l aa urm iv'mU-l t\j iLi: tail spinille, to sviii^ in ml 
•ppioximiitr1,v hummiUil \t\unv iVrvtinii thi: |jvc-ipirii]li' mul lutl-Hiiiitdli.' iixir<, 'I'll': tuil-spiuJJi' it moved 
by ■> hnhd lorpt^ Whc<ii 'I -'^11 irt 'i'-i-^i t- tunivH rcudy to thrmd, iIm' m-hrkman nii>vi'' the thmilini^ iIht 
to«iitLOFiit.hL'j1y w^tli tlicbliukk to ^ t^irniit'*! nnJ ttion»itdrU1h«ilicciL the work Lv [>iiMinjf th« (ail-^pindlv 
hanii IrstT VV'i^'tl itji* litll-'^pEiuMr' riMi^lii'i* it* >tri[i, 1I141 tlU'* t>\H'n. fUTiiiitimf; ttic thil-iipjnillr t't }h- ilniwn 
Ihiik bwt] flic *!"■ ift ihirxi liuttii'd mil <rf ^ht vi\y. Tliis hfi thmilt T-«7IX T-a»ii ttithout 

iiTvei'AiniJC llii' lullii: xpLUclUt 

on lathe center*, henreavoiilfi reiil taring, jirifli'f mill be made to dni-sli the 
i»tub-axle with a considerable saving of time, all cuts submerged in lubri- 
cant. 

The " inverted drillers/' shown in the illustrations, direcl an upward 
jel of hdiricaiil Lo llic boUuni end uf ihe hub, but caiiuol possibly give 
effective drilling lubrication throt^h Uie entire lengtli of tlic stub-nxle 
hub-hole. Wherea piece is submerged in lubricant ntmospheric pressure 
ensures Ihe prcjienre of lubricant al ilie UmA cutting edge, cunstantlyp 
all as is well known and commonly practiced. 

In these *'invert*M! drillers" all the lubricant jel from below win do is 
to lubricate the drill jig-brushing ami the point of the liril! when starting. 




DriHing ^s-Jnch Holes in Hubs and Stub Axle* T-aoi and T-ao4 

f cnt^fliiTt fprrjjil fiKiF^^iLnclk- ilrlfirr with I'lilffirdrillt. *n*pHJul<VpU(r« Inhrii^nl^l iniL pljMvH Atimv wnrt 



Drillini; ^K-Ench Duunctcr Hoks m Components T-203 and T-204 

llto'VtnlE U<iiirir- tin A fmu'«plrid]4' Inv^rtn! iHl! «Uh Olfor ilrillt. NoTr thr work lUrln i-ntivryius ihv 

dliHrfl ii^rt> tiy frax-itj' tii iIli^ invit. IIiti' u Wf>rkriina Htniij/^trti' «U('li lu TLmI >lri>JtfliUnLia|{ tu 

ciuUc lite «lub-Mlc to be mmrvl aI Itki? prupcr wmgIv tu Uu «lub-Ml« Imb Li^. 

in 




Fmishing the Rear-Aile Spring Perch 

Tluj, iiiniiHioirnt i* not sIio^mi iiiunit^ tb: ctiiLijjk-L]L-jiLi llhirtlruloi] >»i ['<il!'' 1(^A- Tite illuntrxliDD u ialii> 

iiiicril t(j >Ttow llic incufwiiaivc work *liJr«. llrfun: Uic?k- i-.-crr |>Wcil all Rccd-Prtntim ktliM Bnit Iwo 

hplprrs wrr*: n<i?dril t» prixliirc the tl.-tOO iitring ijtt-^Ui" in '■'if^hi ]i«>ijra^ With Uic wtirk-alidvs four Utbc 

flu itii' ^mt: n'ork in (li?^ enmi' tiiuo, rvquiiiEi^ a:- bolptn In move the ttvrk, uiO •lAvirjf 




Reaming Stub-Axle Hubs for BitshiTig on a Special Thre^-Deck SLx-Spiadle Machjne 

the wnrk u h*!J ilMi'"mw'>' iri a ||vlI]^- .I'll !■ ii i il fmm bitth *-a*U nt unc*, uith tnn]i atiil water liibrU 
oAtiim Thp <Hitr*l<jr i* mn-iljintiy nnplitywl piilliii|[ in iinil ukm^ WJl Work 
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To keep the hub cool iis 
may be while being clriQcd, a 
large jet oF soap aikI water 
lubricant is directed on the 
exterior of the hub (com 
abore. 

TUj* exterior cooHng of 
the stub-ftsdc hub while 
drttlinj; the 5'^-inch diam- 
eter pin li<j!e ntaken It barely 
possible to drill tliis 5^^"ineh 
hole throuijh 4J ^ inches of 
hcat-trcatcrti steel with urdi- 
imry twUt drills, and to drill 
these same 5^-iiich holes 
with ''Colfor ' twist drilia 
wlthsi^inedeyiveof nmifort, 
though Celfor drills work 
mueh better on this job with 
drillers of the ordinarj*^ form, 
spindle and lubrication both 
above the work, than witli 
the "inverted" drillers* 

This €K>mmeal and sur- 
(restion is an unavoidable 
result of ius]K*ctiou of the 
unique ami most surprising 
"inverted" drillers used for 
the lar^^^r part of the stub- 
axle pill-hole drilling. It is 
not uncomnum to plaee drill 
spindles niidernoatli the 
pieces to be drilled, for con- 
vciiii^iut^ in subinerglng the 
work in lubricant and bo 
forcing the lul>ricant by at- 
rnc)^phe^ie prossurt? to fill 
the hole antl follow tlie drill 
cultinK Oiigeti a^ IJic>' enter 
tlie metal; but in these "in- 




Ford Special Ceatering Machines with Two Live 
Sp miles 

ririlJ fttv\ PMiiicr f^iirilimM, h> tv-uU-r Imlli nid" of rom- 
pour^nli 'T'lt}^ and T-^t, whJi'h jlt. ^ri"Li'^l m tb<^ f\\UiTK 
Ity Uii^ hub U'lk^, T^*'ll fiLij. !iiiii'. \-.\\\i Iimi nifn n-uh-r 
1 ,8ftfl 5tulj-*iW" p*"r ujifii-'lM'iir -\ ' ri !■ ■ ii' iri''lLiiA| 




Rough- aad Finish-Tuna T-303 and 1-204 on 
Reed-Preatice Lathex 

Tbc mxit t> thru' ilc^^i'd out t>f »qiiurc wilb the hu1>-pl& 

holcd, Nuta Bfinin thf^ wfirk->Liilr» wr l««i Lthn^ 

tini Intbo-iiKa and uuc helper im this job 
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verted drillers" the work is not submerged, and the drills are not 
lubricated, but are forced to drill 4j^ inches through the heat-treated 
steel absolutely dry, with no lubricatioD whatever, and depend upon 
e^derior coohng of the work to make the drilling possible. Such a 
job could not be passed without special mention, because it shows 
drilling practice not to be seen, probably, anywhere else in the world- 

FoRD Front-Axle Component Finishing 

Neither brass bushes, connecting-rod bodies, nuts, nor stub-axle 
pins are shown in the plate of components on page 163, and all stock 
has the following list of operations, as may be needed, performed upon 
it before being brought by monorail to the froat-axle components 
finishing job, viz» : heat-treat, anneal, rough-straighten, finish-straighten, 
snag and tumble^ 

The front-axle body is first of all inspected for straightness, and such 
bodies as are not satisfactory In this particular are returned to the heat- 
treating department for correction before beginning machine work on 
this component. 

Here follows the long list of finishing operations on components 
shown on the components and symbols sheet, page 163. The name of 
each operation is followed by the name of the machine used for per- 
forming that operation, the number of working spindles of the machine, 
the number of men employed upon the operation, and the operation 
time. This hst is given in full on the following pages, 

BTUB-AXLE AEM, RIGHT — T-282 

Op. No. Name of Operation Narae of Machine No. of No. of Time of 

Spindles Men Operation 

1. Turn and thread Seven Reed-Prentice lathes. . 3}^ 3}^ 1 niin. 9 sec. 

2. Drill one 43/64-in Two 4-spmdle Foote - Burt 

drill presses 8 2 850 in 8 hr. 

5. Burr Bames dnll press 1 }^ 850 in 8 hr. 

4. Press in bushing T-«45 Ferracute press J^ 850 in 8 hr. 

5. fieam bushing T-235 to 

9/16-in Bames drill press 1 J^ 850 In 8 hr. 

fi. Face bushing to 1-in.. . Cincinnati drill press 1 J^ 850 in 8 hr- 

7. Drill 5/3«-in. cotter- 

Eln hole Allen Spindle drill press. ... 1 1 850 in 8 hr. 
»rTll 25/64-in, hole. . . Cincinnati drill press 1 1 850 in 8 hr. 

9. Bore 1/2-in. by 3/8-in. 
deep and ream taper 
hole 4-in. per foot .... Cincinnati drill press 1 ^ 850 in 8 hr, 

10. Spot face Cincinnati drill press 1 J^ 850 in 8 hr, 

11. Burr 5/32-in. cotter^ 

hcAe Bames drill press 1 ^ 850 in 8 hr. 
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STUB-AXLE ABM, LETT — T-OTO 

Op. No. Name of Operation Name of Machine No. of 

Spindlea 

1. Turn and thread Seven Beed-Prentice lathes . , 3^ 

S. Drill 43/d4*m. hole, . . Two Foote - Burte 4 - spindle 

drill presses 8 

S. Burr 

4. Press io bushing T-iA5 Ferracute press 

5. Ream bushing T-235 to 

9/l6-in Barnes drill press I 

6. Face to I'in Cincinnati drill press 1 

7. Drill 5/3^in. cotter- 
pin hole Allen drill press 1 

8. Burr Barnes drill press 1 



No. of lime of 
Men ^Operation 
33^ 1 mm, 9 Bee. 

1 850 in 8 hr. 

IH 850 in 8 hr. 

IH 850 in 8 hr, 
IK 8^0 in 8 hr. 

1 850 in 8 hr. 
M 850 in 8 hr. 



STUB-AXLEB, R AND L— T-203-204 



1. Chamfer 

2. Drill one fi/8-in. hole.. 

3. Line ream ll/lO-in 

4. Center 

5. Rouffh'tum spindle . . . 
6- Finiim.-tum spindle. . . . 

7. Face to lengtb 

8. Drill one 5/3ia-in. cot- 
ter-pin hole 

9p Drill one 4T/64-in. hole 

10. Face both sides 47/64- 
in. hole 

11. Ream3/4-in 

\%. Counterbore 45 degrees 
18. Thread 3/4 by 16-in- - 
14. Mill washer slot 



15. Fillet hole for body 
bushing 

16. Press in bushing T-f»3 

17. Line ream 

IS. Face bushing to length 



Barnes drill press 1 1 

Inverted driller {4) 16 4 

Foole-Burl special (3) 12 2 

Ford — Two machines 4 2 

Reed-Prentice lathes (5) 5 5 

Reed-Prentice lathes (3) 3 3 

Cincinnati drill press (2) , . , 2 2 

Allen drill press (3) 3 3 

Foote-Burt (1) 4 2 

Barnes drill press (1) 1 1 

Barnes drill press (1) 1 1 

Barnes drill press (1). ...... . I I 

Ford special (3) 3 2 

No. 2 Pratt & Whitney mill- 
ing machine (two ma- 
chines) 2 2 

Ford special 1 3^ 

Ferracute press I 

Cincinnati drill press 1 I 

Barnes drill press 1 1 



6 sec. 

3 min. 25 sec 
58J^ sec. 
16 sec. 
58 sec 
30 sec 
14 sec. 

20 sec. 
54 sec. 

12 sec. 

9 sec, 

9M sec. 
33 sec. 



10 sec. 

5 sec. 

6H sec- 

11 sec. 
13 sec 



Two forms of drillers are used for drilling 5^-inch holes with Celfor 
drills in the stub-axle hubs, one form having the drills below the WOTk, 
while the other form, not shown in the illustrations, has the drillers 
above the work, both forms being used with flooded soap-and-water 
lubrication, which is more effective for the slightly greater depth with 
the drill above the work than with the drill below the work. 

In point of fact, however, these Celfor drills work dry in steel drop- 
forgiogSt heat-treated for maximum strength and toughness, which 
means also TnaxiTmiTn resistance to drilling. 

The Celfor drills, ^-inch diameter, are driven at 430 revolutions per 



>Ri> MllTHOD^ AND THE FORD BBOP8 

ite. The length of huh is 4J^ inches, and from 30 lo 70 hubs (from 
jiches to 315 inches length of hole) are drilled dry for once grinding, 
drills hold their catting edges to the last instant of work; then the 

goes, the drill clearance is instantly snubbed off, the drill point is 
i, and in some instances the outer drill-edge comers are rnbbed off 
IS much as V* ia^h; generally the comers are gone for about Vie inch. 

drills are not re-ground past the bhiing, but only far enougli to 
g the comer into good form. Ordinary' twist drills give so much 
ble in this job tliat were it not for the Celfor drill tlie forms of drill- 
machine used would not ser\'e. 



STEERING CONNECTlNG-nOD BALL — T-S^fl 

No. Name of Operation Name of Machine No. of No. of Time of 

SpludleA Men Operation 

Center bail Ford special 1 1 4 scc^ 

Turn ball Eoed-Frentice lathe 3 3 38 sec. 

Drill 43/64-in. and 

ream .1116 Foote-Burt 4 1 000 id B br. 

Burr Barnes drill prcaa 1 1 4,000 in 8 br. 

Spring Hangers— T-246, T-91J.^ 

rhe front- and rear-axle spring hangers are nearly alike, the rear-axle 
jers being longer to take the wider spring. For go<Kl reasons the 
-spring hanger, T-913^2, and front-spring hanger, T 346, operations 
here listed together, totul production 6,400 per eight-hour dav. 



SPRING HANGERS — T-546, T-9l}^ 

No. Name of Opcnition Name of Mftchinc No. of 

Splndle.'S 

Drill one 23/64-in. hole S-spindle Allen drill press 3 

Countersink , l-spindlc drill press. . I 



No. of 
Men 
3 
1 
4 
5 
4 



Center Fonl sppt-ial 4 

Rough turn Five Reed-Prcolioe ]atb«s. . . 5 

Finish grind Four Landi> ^rindertt 

Punch Ferracute press , 

Face to length Two Cineinnati drill presses. . I 

c(- Drill one hole 5/S^^iii„ Allen drill press 1-2 sp- 

S-1 Hp.5 

9. DriD one oil hole and Three Allen drill presses ft t 

nne pin holp. TUri'p I^'hiiid drill presses. . , 

10. Burr Barnes drill press 1 

11, Thread end 4-.spindle (i<rometric machine, it 

n. Tap Garvin Mathiue Tool C^.. t 4 

13. Spot face Dames driU preaa I 

14. Cose harden 

One floor inapector. half time — one GnaJ inspector, fuil time* 



Time of 
0|H.Talion 
5 see. 
IH *ec. 
fi sec, 
sec. 
n see. 



9,0(10 per -by^^ hr. 
tf 5 sec. 



11 see 
SJ sec. 

0,400 iti 8 hr. 
10 sec. 

S€C. 



1. 
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BTUB-AXLB CONNBCTIKG ROD — T-318 

Op. Xo. Name of Operation Name of Machine No. of No. of Time of 

Spindiea Men Operation 
1. Drill, ream and bore. . Warner & Swaaey turret ma- 
chine 1 1 2,400 in 8 liT. 

FBONT BAMUS-BOD ABBEUBLT — T-263 

1, Assemble T-228 to T- 

3M Hand 

% Punch Ferracnte press 

3. Drill l/8^iii, airhole, . Barnes drill press 1 

4. Braze atuds Brazing fire (four) 

5. Assemble T-8U to T- 
244 Hand 

6. Drill and dnve brazing 

Sin Barnes drill press (two) 2 

raze Three brazing fires , 

8. Grind Grinding machine 1 

FRONT RADIUS ROD STUD — T-228 

1. Center tube end Ford Special 1 

2. Turn tube end Le Blond lathe 2 

3- Center hanger end Ford Special I 

4. Turn hanger end Le Blond lathe 4 

5. Drill one hole 5/32-in. Allen 2-spindle drill press. . . 2 

6. Chamfer Geometric threading machine 1 

7. Threading Geometric threading machine 1 

BTUB CONNECTTING-KOD TUBE ABSEUBLT — T-268 

1. Assemble T-213-226- Rack and pinion press — 

227-260 Greenerd I 850 in 8 hr. 

2. Drill 1/8-m. hole Two Barnes drill presses IJ^ 1,200 in 8 hr. 

3. Brace l}i fires 4 1.400 in 8 hr. 

4. Thread Landis bolt cutter, two ma- 

chines 4 2 1,200 in 8 hr. 

5. Hand ream Hand % 1,500 in 8 hr, 

0. T^ 7/16 by 20 in Garvin tap machine 1 1 1,000 in 8 hr. 

Inspect 1269 

FRONT-BPRING PERCH, LEFT — T-222)^ 

1. Drill one 39/64-in. hole Two Foote-Burt. 4-apindle. . . 8 2 1,200 in 8 hr. 

2. Ream one S/ft^in. hole. Cincinnati drill press 1 14 1^200 in 8 hr. 

3. DriU 4S/64-in. hole . . Two Foote-Burt, 4-splndIe ... 8 2 1 ,200 in 8 hr. 

4. Ream 11/lfi-in. hole. , Footo-Burt, 4-spindle 1 1 2,000 in 8 hr. 

5. Face and burr Foote-Burt, 4-flpindle 1 1 1,200 in 8 hr. 

6. Center Two Ford special machines. . 2 2 2,600 in 8 hr. 

7. FinWitum Kve Le Blond lathes 5 S 2,000 in 8 hr. 

8. Drill 5/S2-in. hole Allen drill press 3 3 2,400 in 8 hr. 

9. Thread Two Ford special machines. , 2 1 2,000 in 8 hr. 

10. Pren in bushing T-230 Ferracute press ^ 4,000 in 8 hr. 

IL Chamfer biuhing Barnes drill press 1 H 4,000 in 8 hr. 

1ft. B«iubualii])gtoJS695. CiocinDati drill press 1 1 4,000 in 8 hr. 



1 
1 
1 

8 


3,000 in 8 hr. 
3,000 in 8 hr. 
3,000 in 8 hr, 
2,500 in 8 hr. 


2 


1,400 in 8 hr. 


2 

5 

i4 


1,350 in 8 hr. 
1,500 in 8 hr- 
1,500 in 8 hr. 


1 

2 
1 
4 

2 
H 


2,000 in 8 hr, 
1,700 in 8 hr 
2,000 in 8 hr. 
1,800 in 8 hr. 
1,800 in 8 hr. 
1,800 in 8 hr. 
1,800 in 8 hr- 
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Op, No. Name of Operation 



S. Ream one 5/S-in. hole- 
s' Drill 4S/64-in- hole, 
4. Beam 11/16-in. bole,. 



FEONT-aPHlNG PEHCH, mCHT— 222 

Name of Machine No, of 

Spindles 

1, Drill one 39/64-m. hole Two Foote-Burt> 4-9pmdle. . . 8 

Cincinnati drill preas 1 

Two Pootc-Burt, 4-s|na<iJc- . . 8 

FiK>te-Burt. 4-spindie- - 1 

5. Face and burr Foole-IJurt, l-spindle 1 

6. Center Two Ford s|>crinl machines . . 2 

7. Finish turn. - . - . . - - Five Le Bk»iid lalLc^ 5 

8. Drill 5/3«-in. hole Allen drill press . . , . 3 

9. Thread Two Ford tipctiid machines. . 2 

10- Press in bushing T-230, Ferrturiite press 

Chamfer bushing. ... Barnes drill press 1 

Ream buahing to .5GS5 Cincinmiti drill press , 1 

Fiuiil liisjM.tliuu^l2€7 



11. 
12. 



No. of Time of 
Mea Operation 

Z 1,300 in 8 hr. 

yi l,3C)0 in 8 hr, 

2 1.^00 in 8 hr. 

1 2.000 in 8 hr. 

1 t,WO in 8 hr. 

2 2,000 in 8 hr, 
S 2,000 in 8 hr. 
S 3.400 in 8 hr. 
1 S,000 in 8 hr. 
M 4.000 in 8 hr. 
% 4,000 in 8 hr- 
1 4,000 in 8 hr. 



L Mill spring perches 



FBONT AXLE CODY 56-IN- T-902 

Inspect for 3train:htne.s.H — 1268 
Ingersoll turret milling mn- 
cliine {Ford design) 



Si Mill fork bosses Various machines to make up 

production 

3, Drill and ream, cuun^ 

terbore spring perch 

and fork hossQs Six Foote-Burt, 4-»pindic 24 



1,450 in 8 hr. 
2,450 in 8 hr. 



]S5a:de bod- 
ies to 1 
mfl-chineiD 
8hr. 

800 in 8 hr. 



4. Burr ....... ....... Hnnd o|>enitii>n ............ 1 

5. Countersink .505 hole 

8/8-in, deep Cincinnjitf <lrill prcs,s I 1 800 in 8 hr. 

6. Tap Cintiimati drill press 1 1 800 in H hr, 

7. Hand line ream . Ilnnd , 1 800 in 8 hr. 

Ops. 1 jind 2 chnn^^' cultera once in 4 hours. 

Operations in natural setiueucc. • 

Final inspection — 1257 P'ig. 10 

Preliminary inspection ol forin. 
Operations 1 s.nd ^ are performed on same IngcrsoU milling "ii M^h i ne , 



FROWT RADUrfl-KOD BALL — T-214 

1. Center ball , . Ford ^pet-ial , I 

8. Turn ball Reed-l'renticet three lathes, . 8 

8. Center two arms SpeciiJ Ford macliine 1 

4, Turn two onus Two Rt^-Prenticc lathes , , . 2 



4 sec 

8 3CC 

U sec. 

3« «G. 



-254 



aTBERING-BALL-ftOCKET TA 

1, Punch two holes Tr Jcdo press ^ 2,000 in 8 hr 

8. Disk ip-ind Gardiner disk grinder 1 1 2-400 in 8 hr. 

S. ^>ot Barnes drill press 1 1 9 

4. Beam for T-226 Barnes drill press 1 1 

15. Cherry ream Cindnnati drill press (Two).. % % 
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STEERINQ-BALL CONNECTING-ROD ASSEMBLY — T-280 

Op. No. Name of Operation Name of Machine No. of No. of Hmeof 

Spindles Men Operati<»i 

1. Assemble T-«63-«58.. . Hand « 1,600 in 8 hr, 

a. Drill two 1/8-in. braz- Two ^ Allen 2-spindle drill 

ing pin holes presses 4 % 1,000 in 8 hr, 

3. Rivet both ends 1 1,000 in 8 hr. 

4. Braze Special rotary brazing ma- 

chine S 1,400 in 8 hr. 

fi. Cherry ream Two Cincinnati drill presses- . 2 2 1,000 in 8 hr. 

6. Tap two holes 3/8-in. Cincinnati drill press, special 
by 24-in attachment Garvin tap- 
ping machine 3 2 1,000 tn 8 hr* 

STEERINO-BALL SOCKET T-2S3 

1. Drill two letter "Q*' Special Cincinnati drill press- 
holes es, 2 working spindles, ,4 2 !2,000 in 8 hr- 

BTUB-AXLE CONNECTING-ROD YOKE — LETT T-248 

1. Straddle mill Kempsmith milling machine 

—180 deg. fixture 1 1 950 in 8 hr, 

£. Drill 13/32-in. hole . . . Allen drill press 1 1 1,300 in 8 hr, 

3. Drill 41/64-in. hole. .- Foote-Burt special 4 1 900 in 8 hr- 

4. Countersink 13/32 in, 

hole Barnes drill press 1 1 DOO in 8 hr. 

£, Spot face Barnes drill press 1 1 900 in 8 hr. 

e. Drill 35 /04-iQ. hole and 

ream 9/16-in Cincinnati drill press 3 3 1,050 in 8 hr- 

7. File Hand 14 900 in 8 hr. 

8. Countersink Cincinnati drill press. 1 1 900 in 8 hr. 

9. Mill 3/32-in. slot Pratt & Whitney No. 2— hand 

milling machine 1 1 000 in 8 hr. 

10. Tap 7/16 by 20-in, hole Garvin tap machine 1 half time 900 in 8 hr, 

11, Tap 11/16 by 20-in. Foote-Burt, 4-spindle taps 

hole drop through 4 1 900in8hr. 

STUB-AXLE CONNECTING- ItOD YOKE — B-227-T 

1. Mill Kempsmith milling machine - 1 

8, Center Ford special machine 1 

8. Turn Reed-Prentice lathe 1 

4- Drill two holes and 

ream - Foote-Burt special drill press 4 

5. File Hand 

6. Counterbore Cineiimati drill press 1 

rfiONT RADIUS-ROD TUBE — T-444 

1. Ream and countersink Cincinnati drill press 1 

«. Disk grind Gardiner disk — 2 disks 1 

8. Drill 31/64-in, hole. . . Foote-Burt 4-spiiLdle drill press 4 

4. Reaju 1/2-in. hole Foote-Burt 4-spiiMUediillpreaB 4 

5. ^wt face Bftmea drill pnss 1 

9. IMU 1/4411. bdo BlUMsdriUpnfla 1 



1 

H 
1 


950 in 8 hr. 

1,200 in 8 hr. 

800 in 8 hr. 


2 

H 


800 m 8 hr. 
800 in 8 hr. 
800 in 8 hr. 


1 


1,200 m 8 hr. 
4,800 in ft hr. 
1,800 in 8 Iv. 
1,800 in 8 br. 
MOOmShr. 
MOO in 8 hr* 
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Fhont-Axle Components Finishing Department 

July 9, 1914, this d^artment was working about 375 men» graded 
according to efficiency in four grades, numbered 1, ^, 3 and 4, grade 
No- 1 being of lowest efficiency and No, 4 of highest efficiency. The 
grade number of a man does not determine his hour w«ige- A No- 1 
man, lowest-efficiency grade, may be paid $5.00 for 8-houra work, and a 
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Contiimation of Front-Axle Components Finishing Department 

No. 4 man, highest-efficiency grade, may be paid $2.S0 for 8-hours woric 
Again, in reducing department force of workmen, the ordinary manage- 
m^it would, of course, prefer to keep No. 4 men and let No. 1 men go. 
Under the present arrangement of affairs those men having moat 
individuals dqwndsit on their wages for a livirtg are given most pay, 
regardless of efficiency rating, an ~ i letting nien go tUo;^ haxing tlie 




182 



FORD METHODS AND THE FOHD SHOPS 



PRODUCTIVE Tlfcffi TiC 




c 



Bapt no. 



teSr 



O. K. 



TauL. 



Form gi5. Production Time Ticket 

more individuals to support are 
likely to be retained, regardless of 
efficiency standing. 

The front-axle components fin- 
ishing department is in charge of 
one foreman, who has two assist- 
ant foremen, three clerks, and one 
"straw boss" for about every 20 
workmen, besides tool-setters who 
are machinists of intelligence, ex- 
perience, and all-round reliability. 
The foreman is, of necessity, a 
competent mechanic and a com- 
petent administrator. 

The department records are 
k^ on three form blanks; Form 



915, Production Time Ticket,Fo]rm 
555, Report of Stock Machined, 
and Form 858, Individual Work- 
man's Production Record, an 
index -card form. 

Productive Time-Ticket, 

Form 915 
Form blank dl5 is a stiff manila 
card 3"/ia inches wide by 67w 



PETORT OF STOCK MACHINED 




Form 553. Departmental Report of 
Stock Machined 
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Form 858. Individufll Production Record 

inches high« printed in black and red on one side only, **K'17, Front Axle 
Parts, C," the date being printed in red. Each workman keeps an indi- 
vidual record of his own day's performance, and these records are gath- 
ered by the straw bosses and transferred to Form 915, each man's work 
record on an individual card at the close of each day's work, and deliv- 
ered by the straw boss to the two clerks who fill forms 55% and 858 from 
the forms 915. 



Workman's iNDrviDCAL Production Record, Form 858 

' This is a stiff index card, yellow in color, printed in black, ruled in 
red and green with the 31 lines of the workman's record, in three prin- 
cipal divisions, giving space for 93-days record; size 8 inches wide by 5 
inches high- It is filled by a department clerk from Forms 015 with the 
calendar month's record and sent by the department clerk to the cost 
department, where labor cost and time of production totals are taken 
from those forms 858, which are preserved for six months and then 
destroyed. 

The capital letter " B " in the upper left comer of the form reproduc- 
tion is the work-hours shift symboh Working one 8-hour day only the 
shift symbol is "B-1," contracted to "B" on card. Workmen go on at 
6:30 a. m., stop 10:30, take 30 minutes of their own time for lunch, go 
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on a^ain ftt 11:00 a. m. nad of! for the djiy at 3:00, makmi; an 
8-hoiir day. 

Working two shifts, the shift symbol for ih*^ first shift h "B-1." On 
this bflais the men i;o on at 6:30 a.m., stop 10:30 a. m. for lunch, 30 min- 
ute?* of I heir own time: on again at n :00 Ji-niHtCffat 3:00 p<ni.,an8*'hour 
duy. TIr* second shift, with llie symbol "B-2," giN*-s ini jU 3:00 p. ni,. 
off at 11:00 p, m., with gift of 15 minutes, 7:00 to 7:15 p. m-, for eating. 
Working tlirce shifts, the shift symbols arc " C-1,"— on at 8 K>0 a, m., 

off at 4:00 p. m,, wilh giH, of 
10 minuter for eating from 
12:00 noon to UAO p. m.; 
"C-S." on at 4:00 p. m,, off 
at 1?:00 midnight, witli gift 
of 10 minule^i from 8 to 8:10 
p. m. for caling; "C-^/'on 
;il 12:00 midnight, oil nl 
8:00 a. m., with ^ift of 10 
minutes, 4:00 to 4:10 a. m., 
for eating. 

These allotnienlH of shift 
working hours arc made to 
cquahzc demands on shop 
driving-power. 

Depahtmental Repoiit or 
Stock MAriii>jEi> — 




Ford Special Threading Machines Threading the 

Ends for Cone and Hui, Stub Ailes T-io3 

and T-204 

Ooe mjin vnrkH tvi> drills, thr Eivturv uliiif nmnin^ fi> n Hap 

trbirh iiprn* tlir rhrcnilini; tWe^. The tnnrhiiiir ^iiinJlM 

mil ii>ij(iiLiLouiLly wlirti in ui»rL 



Printed in black, on white, 
thin paper, size 5}^^ by 12 in. 

Bwause the '*Retjiii>ilJuu" is fur the whole year round, onr yejir 
after another, the "Requisition No." eolumn is not us^'d, ajid because 
the entire Ford shops production is "Model T" cajs, the "T" is not 
wTitteii, anri because the symbol, as *'T-202," carries the component 
name with it, the "mune" space Is not filled. 

Forms 55'i are filled, as shown on page 182» by a department 'X" 
clerk, from the productive-time ticket Form 915, in pencil, one original 
and two carbon cupiej*, one copy being sent to the "division foremaji/' 
next above the department foreman, one to the "machine-shop fore- 
man/' next above the division foreman, and one copy to the head of the 
"iiiushed stcML'k" (cxfnipoiKMits) n^^onls department. Card-index records 
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of indlviflual-coniponent production arc niatic from Iha-w^ forma 552 by 
clerks in thf nmchine-shop forcuiau^s ofOcc and ia tlic finkhod-sloek 
dcjuirlnicnt. 

Frum tUc fn>iit-uxle components finishing (lepartinent, work goes to 
iLelruiit-JLxl*.- iLssi.'nililing dt'parlitieril, ^yniltol li^l.ter "A/' Uy iiumorail. 

Pl«)NT-AXLE AftSEMBLlXt; DEPARTMENT 

Tlic uificiaU are one aasembling-depart merit foreman, one n^^islflnt 
foreman, one straw boss, 
and one elerk. Tbc form 
hlankn, f5Ilc<l by ilie derk, 
are as in JVpsirtiiient C. 

The assembiinff depart*- 
tncnt assembles the front 
axk's* paints theni^ bakes 
them. painU Iheni a second 
time, and bakes them a sec- 
ond lime, using doors on 
tlie we^l side of Uie uveris, 
and then, tltrongh doors on 
tlie east side, removes the 
finislied jtxle^i ix'ady For Uie 
assembling Une. 

The aasenibhnB! depart- 
ment works 44 mm in each 
shift lo turn out 800 axles, 
double shift 1,600 axles, 
three shifU, «.400 axles. 

One man is a .stock 
handler, one man is a [Ioof 
sweeper, SO men work as 




Drilling Holes for Steering Arms 7*270 ukI T- 
iSz in the Stub Axlc^ T-203 and T-204 

TbpiitijWniil'^aTt ipoTtodiu fjAturnFiy ihr Imli Tiitlf-< jud out- 
uAb end*. iVxhlf-Burl piMvicil fi-ur-ij'irnlfr- diill tuirip: cirdi- 
titry Iwiit tlrillii whh tnap nfid waU-r liiij^-'iiiiori (>nf mnn 
Imilx Inn drill tpindirt: <«nc ruicljEiir ivitli Ivo idcd dntld 
about 1,QC0 KUvrin^4fni haW prr 'Uy 



Actual assemblers, and 10 of the assemblers wiirk on the moviuR- 
assembly line. The Hit of operations necessaiy to the fronl-oxlc assem- 
bly is OS follows: 

FnONT-Axi-R AsftEMBl,T 

1, Assemble minor No. 1 and No. 2 to T-20^ axle with two T-BII 
spindle bolts. 

8. Screw iu T-^l I bolts lo minor \o, 1 and Xo. 2. 

3. Put on two T-60 nuts, and two T-763 cotter pins to T-21 1 spindle 
bolU. 
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Saudi Globe Finishing 

5maM cloht fliiinhinif U by a lEnxr^ixl iwA ut Ihe bark, friillnl limvarH Ut a ilnp hy htpw aikI hAnrt- 
wlin'l, lor lliE^ iuukI^ tLirmnv- Tlie fitivh luniiriji bi hy a 'hrW lr»ci| villi a H'^li'ti fur tlir hCV'lH^tiirlt. 
'[Ill" ^riHiiaiiitilrriLiil f^yLinJriral txprt of ihv ^'im^ilaa tool itos iti b\>rkiii|j ■UDutnr fair j^rvLinii lu a 7 
dc^rvo iinfiic. Ihc- Ihitg bi'iniE saehc diainrtcr lu the fiiujml ^Ubii, Aliuut tAU ^lubc^ «fT fiuiiihc-d with idw 
gnTKlirijf uE thv Imi^binp tnol. 'VUik rylindncal BnuluDg tool u c^rnrH va th? frre md vf a rrct- 
Hniriiljir Ihh!;, i^onlin^ >h D ijol in a U<n|>1iold»f fixcfl to ■ rroa ilide^tlieout «nd of Uic rvHaagukr 
brtdy Ix'iTis j>lviblf'<1 to iwnifl up and iloxiTi m thi'h(»l<JiTii|f4. fciOuii Ihr-iyhnHrirtil ti^*ilh»-iiii flin*** 
tiulic- viTtiixl iiiliuntinnir to •^iiil \\if [cIoTt vrrtiriil tHHitioti. Thr roiiEliinff Iml Iravcftlirfflittkruhcut 

4, x\.s5t-iiiliU* iriiiior \o. 3 lo minor No. 3 with ouc T-216 lnJl. 

5- Adjust minor No. 3 and tighten T-216 bolt to miuor No. 8, put 
in one T-4ll> bolt to minor No, 1, 

G. Pul on two T-440 nuts and ligbtt-n up with two T-753 colter pins 
to T-filfl bolts. 

7- Assemble minor No. 4 to T'«0« uxlc with two T-244 nuts- 

B- TigIil<Tn up two T-242 uuIa und put in livo T-82 cotter pins, 

9. Tiglitvji up two T*77 radiuj»-rod nuts luid put Iii two T-8S colter 
pins. 

10. Tighten up (our spring hanger nuts T-242 and put in four T-88 
oott<*r-pin-H, 

11. Tighten up connecting-rod yoke bolt-nut T-8 and put in one 
T-82 cotter pin- 
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le. Paint, 

13. IJake- 

14. Taints 

15. IJake, 

Onlj^ two of tli4^ nuDor asseuibling optTations aro stioivn in the u]>pcr 
pirluTv on pnjce 19^ 

III thiH vic\\\ ihe mifldlf* workman U pressing the iasidt* 1mll-l>earing 
cone uuio the stub axle, u»iu^ for tlie purpose an ordiiutry luiKl-lm'^r 
nrbor press. 

The man at the right docs not come into this at-orj'- In the right 
fiiiddle of the picture is seen a small machine, helt^lrivenr with a cliuck 




Landis Grinder with 6ro«d-Fflce Wheel for Grtodiag Full tength of CylindricaJ Parts 
oi Spring Handera T-91 i/j and 7-246 

Ttw itvrk w on tmt lui-d ami imr fiinuu <TiLirr, nml a *t drirfn llut work Aiilftfiuiflmll* ffmtM ilnwn 

wLni IaU omtcf n dnwa nmy, kml iLus i|«fi Ujt iiuu-liiiir Ui Uii' iIl(< nrKt t>iivr. Whrd ulidc U 

fUu tJ ■ *U»p» *1 by tfcc tuol-Kltrr ntU-r Xmlot tin: whcrL tW I'l WO inT<n aw ffmuhii M cue iilttj^ 

MlUiij£> 1.300 10 \,W> picccw for one mu Aud uic ^iotlia^ nucUiuc iq a boiu^ 
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ontIms|>iii(lI<'nase, forni<^rly used to 
run the nut on T'270^ T-«S^, after 
l)C]ng prca^ into the sluWxlo 
stcmng-ami hub. The a^^^f^mlilmg 
of the steering arms luid sluli ii\k-* 
was formerly ok follows: First, wilh 
arbor i>rc5S, force arm into hub eye; 
m-xl, wilK Mnall niac^liin^ on bencli> 
nin tlie steering-nrin holding nut 
on; ond third, adjuf^t tin's rriatel- 
(al^l nut hy liand so that the split- 
pia coidil III- plared. 

Tliese three ojwraUons are now 
performed at one Hinglc handling, 
UI1 f hr mat lunc -^hovk'n at ttiv trft on 
pu^e 16^, M'liich is curious, inas- 
much as it combines two hand 
operations and one power-driven 
operation, with marked tune sav- 



-Md 




Inspecting Finished Components T-^aa 
and T-^31^^ 

into tt*v> ili?cl-ixitiai hum oi Irajri rudy fur 



Inspecting Rough AzJe Bodies T-2oai 

Comiag from the Heat-Treatijig 

Department 

fjprmlinn in oiKbiDtDje <** tanipudcut T-SW ia !« 
venry f i >f iri and atrat^l&VMA, Unnliitfart'iry utlf 

iiig. This unique machine li a 
rurk -and -pillion iirborpres^, having 
n fixture to lake T-STO or THS^ 
on the press vertical-apindle bot- 
t*>ni-end, set on a base whieh 
contains an electric motx)r at the 
bottom from which a vertical spin- 
dle on the workman^s side is frie- 
tion-drivcu, thi?i rimniiig vertical- 
»;pi]idle top-end. directly under the 
Uiroadcd end of T-^70 or T-281 
brid in the prt-ss-slidc fixture, being 
fitted lo take the hex-nut which 
holds the steering arm home in the 
*!f uli-axle bub boss, sc> that tlir nut 
is running frietion-driven when the 
vvorknmn» having placed the steer- 
ing arm in the press-slide fixture, 
nexl placet the <^ub aide in a fix-> 
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lure under the press slide, r^ady to 
take the steering arm- Next, the 
workman forres the arm home tn 
le shoulder in iU stub-axle hnh 
the power-driven nut bein.i; 
simultaneoiidly run home on the 
stt'^^ritiiT-jLnii thread by the friction- 
driven vertical spindle- 

The lower powcr-and-friction- 
drivPTi mit'Spindlcr has tixcxl to its 
top eiul H double-iiL'ting ratchet 
with a horizontal lever; the work- 
man holds the press lever down 




Dnvea £ad of the Front-Axle Asfrcuiblii^g 
line 

AU tliF Fun) ch»tD-<lrJvtn linn km: IIjf tliaiu awl 

Sroc-k^Uaf the l*irtk \k-h V4inpatrtjttg;i\mi\iany. 
liififfti. The f |>fcd nf f*ch uocfAMinf^ tine niw\ 
b* bruuiE}il to bujI *M<H1j Ule nork [jrrforninl oa 
i1 Thift I'liiiiri nictwa Hi a <t>#«1 «>f 14 f'^t |vr 
tnlmilr. Thr tlnvp U from kn florlrtr molnr on 
lilr i^iEiliH. Ln'^lixl 111 H lirHl raiiiiitr-r^hnff. lEimi'r 
lu M Kcutiil ovcrboiil cDunicr-ihiifE, thrnct by 
a c*ard-in vcrtiiftt bell \o ■ [riuiott^bdri on 
fiiiM hnn^iT*, fmni wliirli thr fprwkrt-flbBft u 
driven by 4.'afh>ttfd pinivn itpd spur^prari Th« 
0OOF lijiii^vri 'tkr^l tm K^liau of 1 h«*iiu t« 
bnt^ tbrni tn li>*iKht 




Testiog the Uraztng of Fork end GJobe 
Wrist 

Thr^ ('ftmiifmifiU. Ihc lod^ tli*- hall wrist T-«6aiid 
Uit furfc. Tiff" ttfv uiiid^JL;! |»ijiniii^uu<l tiratitift 
']'}*'• fi;UvlH^ijrrJ>l *liini1>i tl IHi ib'jjm^ to rwl 'xk» 

ilri>]-^l«-4iin1nfWl'*fmi*'M'H^li nkil Thmnlinjivy 
IiuekII'-^I vrtnrli L« nppricd to thr fork mid mnvcd 
rn|jiill> ><> lU Ut ^ivi- *l-"'iij( tnnUm l]|L>Mh iu Ih'IIi 
■ lirrrlioDfl vith tuffiwiit force to lUpUurr linr 
liia«L]]>r it imperfect 

with his ri^ht hand, thenut screwed 
home to the l>os»*end holds the fric- 
tion-driven vertteai .spindle st3l, 
an<l the workman then ^asps the 
double-act inp ratchet lever with 
his loft hand and, as shown in the 
picture, beads his head down and 
with the mtehet Euljusts the cas* 
1cllate<l-nut notdica to the »plit-pin 
hole in the end of the stiiTUig-arm 
tx^rew tliread, aD in about five sec- 
onds linic. 

It ?4hotild be here noted thai 
in hand-work time is saved by 
dividing operations, while exactly 
the reverse is true in autoniatic'nia' 
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chine work, where tinif^ is saved by 
combining operaticmn performed al 
one setting or chucking of the work. 

The fileerinp-arm atifl stub-axle 
assembling niacliine is ihc (irsL Lo 
conic under myobservutiouiawliich 
power-*lriven and hand-made ad- 
justing opcratiuns lire (.'unibint-d. 

West of iho fttisc^mbly line are 
two drill presses, spiu<ilc friction- 
driven, hy wliirli Uie stub*a\le pins 
are driven into the llireadwl lower 
fork-bosses, making the axle read>' 
for the cliain-driven assembly line. 

The lower plehire on page 191 MiUia^ the Fork-Lugs of Component 
shows the middle part of the chain T-248 

,, . I L ' J 'j^i - Ths«nrVi*i1niii'i>n ihc KpTiip^initli milling niKr'Iiliut. 

Lnc, with a bridge over it. this TJictiinirtrnMnirtituipluUln.-aiiiUu |ii.4tili*>in. 

bridge carries on (jip a fiiil-lengtii Hi^nli.dpi«ii.n'liJ«t-.irinrx.„sl,i.i,^,«hiiMhr 
fixture wlu(^h takes both stub axles *=■** " *>=**»« '"^ *» *^^ p"«^* prcv-iou-iy pU«a 
and holds them in line while the steering-arms pamllel-eomicoting- 
rod Ifi placed anil adjusted to length, so Ihat both the front wheels 
will stand in straight-'ahead nmnlng position at the same time. Tlus 
bridge is clevatt^d and its supports clear the full length of the as«?iiiblcd 
front axle. 

Tbo^e axles wliit'h aire tuljefient to tlieFord *'bnuu'lie-s," difnot have 
the steerin^'-arni parallel-rods fitted* as tlie leiigtii-adjustment of this 

rod would be lost in "knocking- 
down," 

Axles to be placed in chassis as- 
senibly at the Higldand Park shops 
tin-, lified lip off the chain-line, 
placed nn tlie bridge, and have the 
parallel rod plaeed as described, 
and arc then lifted oil the bridge 
and placcfl on the chaindine >hdes 
again, all as set^D in this illiis- 
trution- 

The upper photograph on page 
191 is A view of the south side of 
assembling line, looking wcst-north- 




Mer End (West Eod) oi Froat-Axle 
A&sembliag Line 

supporting thoi Huijn. Tlilt ii ib<< intr-«t movJiiC' 
iiHu-rnlfly liix* innlillccl in 'lit Vvn} f\iu\a ili) 
«hawt * ii'>ii\ Tiirm of i;oDAlnu.'Uuu 




AEsembliDg the Steering Ann and Front Ajtle 

una into iU waf \d tW <liib-4ilc hubUru; ^^J.toiL'f^■wlhrt^ulull tSu- ihrrntinl ynO cilihf rtfffnod um. 
Thf 4.-]thUUjit«l nut miial be tumnl ai> lh« ii|alil ]iiti (no b<< Kat«d 




Rotary Brazini: Machine, Branny T-353 to Its Rod 

Tin* iFwlc liiFPri 1a n-vrtkin! Iiy Imrnl by ilic A(.>rk.rmiii a\ Xhi- bfi. wlm fak-i* ihc work from ihr nutct 
suftHirt At eiKjn uti Itif? juLnt la brnttd. Tlit mnn At (lie njrbt iJp[ilk"s hi^mx p4"1r.< Hinl plihi-a xliiirt 
p]wc uf tnku nlrr abuuT Vi-m^ «liiiiut(i:r m dfillnt Lnk- uuiiijul iW fihI nirL juid Uk-u |>U(t-i tbv joli un 
tlic lunrt »u|'|rt'rLb, fu die lumi vt rc^-iilrcd iLiv bnisi: juiul pH4m'A tJbruugh k |[m3-ELuiic-tic«loJ vt- 

diiipni tup diambvr 

1«2 
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wesU Tli*^ forfman of ass<*niblcrs stands at the left, ait.cntiveJy walxJi- 
ing work in progress. 

Page 194 shows iho painters at work; 800 axles aro handled off tlie 
line, painte^U placed in thr ovens seen at tfac rear, haki^d. taken oiit» 
painted again, baked a^ain, ready 
to be removed from the far fiide 
of the ovens, all at the rate of 100 
axles eonipleled per hour. 



FoHMETi Fno\T-AxLK Assem- 
bling PRACTICE 

January 1, 1913, the final as- 
aenibUng of the front axles, after 
Hunclry minor assemhhes had been 
made up, was earned on by pro- 
viding eaeh assembler with a ^ is*^ 
of his own. all final assemhlns 
bein^ placed at one lung, slieel- 
metabeovered beneh- The flK^'m- 
bleri were eompctont incthonies 
and the front-axle dissembling job 
was regarded as being in pretty 
good form. With 125 meu» all to!d, 
450 frt^nt iixUth were assrniblwl in 
one 9-hour day, not painted nor 
baked- This was at the rate of 
l,l2i» hours for 450 ax1es> or 2 
hours 30 minutes of one man^:* 
time for assembling each axle. 

Januarj* 1, 1914. things were 
belter; 90 men in an 8-hour day» 
assembled 650 axles. The rate was 
7W hours for 650 axlc^. or ! hour 
8J^ minutes of one man's time for 
assembling one axle — less than oue- 
half the January 1, 191^, time. 




Duplicate of Machine Showo at the Left 
of the Upper Picture, Page 19a 

A iirw miLi'Liiir; tnnit. \\fw rmrii hi>Fi.nuin't vide 
wjtti s'prlin'ul BuiiiiJit cuvim r^uiuvi.'^]. Tlic viTli- 
cnl iiJiEjiilt u dri^«il Uy 4 Wtrl £i'ut ildcI pinioD 
(nut visililr in iKr I'irTuir) front a inoti^ir in ibc 
iQiiohJno baa*. Tlie i>L'>lugr»pli ahem* tfcc faitlior 
upring knil frii'Lu>ii ifink ii-bov« rJhr iKiK^vm jourtia] 
df (hit ipinHlii iinil ihn nut^pwlimiQE ntfUet 
\rwi iiiytvt the top b^nrinf of Dm* BpiadTii 



The moving-assembly line begnn working June 1» 1914, and thi^ day, 
July 13, 1914, 44 Tueii, idl bild, iireiusj^enilJiiig, painling, and bilking SOD 
axk« in one 8-hour day, ginng a rale of 352 hours for 800 axles, or 21 ,120 
minutes — say itfi^^ minutes— for one front axle- To rceapilulatc: 
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Paiatiae the Front Axles: Baking Ovens m the Rear 

lie painting ^JUili Jirc pliLtrnJ cEoh- tn thr rnAirm filrlnrn'l rml of ihr nurmLtlinfl line. H)r allp4 UV 
imiqUd «« ftoifll ufl llipy come <'ff jfii? /kvn^inl-iliiifr linr.'H J*rr hfU-H from Iht painlitiE iIahiU aaH micvj in lh« 
Duking ovQiu, bilked S-*t ^ iniaiit«. tukoa ouL pikiutt^d ■ kccond i'lml. uij bftlc^ nuLiiii fof Ht) minuta* 
u)d mrv thto Ulna from owm duon on th« <itbiif ^idr of tbi> tivmn, clinvily to thv duuii^^iABcmbllrte llo« 



January 1. 1913, iixle assembling, 150 mmtites. 

January 1, 1914, axle ajsst-nibliiij;, 663-^2 "linutes. 

July 13, 1914. axle assombling, Mj^ minuteft- 

All of wliich shows, beyond qu^^stion, that by use of a few new ideas 
ftnd MHtit^ ban! uork, machinosliop bilmr costa, in som*^ msLanc*^*, nmy 
be verj' niateriallj' decreased. While the Ford engineers cannot justly 
be said to be puffed up wilJi the successes of their efforts, they are really 
diflposrd to claim having produce*! al loast one sin^cle exanipin of that 
extremely rare exlilbit, a 100 per eont efficiency iuslallatiou wlutrh pro- 
duces the Ford Model T commutator. 
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This small construction does not involve the use of the moving^ 
assembly line, but it does involve one initial feature of absolutely novel 
machine-shop practice, so far as my personal observation in work of 
this or similar character goes* 

The Ford commutator construction, prefaced by one or two of the 
more striking 1914 work-slide installations of the Ford shops, will be 
described in the next chapters — certainly the most surprising labor-cost 
reduction data ever printed, considering the simpUcity of the original 
conceptions which are shown to have paved the way to the incredible 
savings gained. 



Chapter VII 
THE CRANK-SHAFT, PISTON AND PISTON-RINGS 

MANY attempts have been made to obtain a built-up erank-shaft 
for small multi-cylinder motors, which could be machined in 
s^arate components each having one axis only, these com- 
ponents being susceptible of assembhng to form a crank-shaft having 
any number of crank-throws, set at any desired ang]e to each other; 
also many special forms of lathes have been devised for crank-shaft 
turning, some of which have had considerable employment. 

The Ford Company, however, adheres to the simplest form of mXJe- 
gral four-throw crank-shaft, and uses lathes of ordinary construction for 
finishing the crank-shaft bearings and fiange, and ordinary forms of 
grinding machines for finishiog the crank-wrists, or "pins," as they ard 
sometimes named. The Ford crank-shaft is therefore an integral droi>- 
forging, four throws, S-inch crank radius, made of the highest grade of 
steel and heat-treated. 

The Ford connecting rod is also a steel drop-forging, which has the 
piston pin fixed in the top eye, the crank- wrist eye being capped and bab- 
bitted, and the cap held on with two bolts. The babbitt bearing is 
broached, and thin brass liners, about 0.006-inch in thickness, are placed 
between the cap and the rod end, to permit wear take-up. 

The piston pin is cut oflF from steel-tube stock, centered, finished* 
and hardened and ground, fixed in the top rod-eye and rocking in bronze 
bushes in the piston-pin hole* It is common practice to give the piston 
pin as much diameter as may be and have it bear directly on the wall of 
the piston-pin hole, thus avoiding the piston-pin-hole bushes altogeth^, 
but the Ford piston pin is of comparatively small diameter and works in 
brass bushes, as before said. 

The Ford piston is a very light and accurately formed gray-iron cast- 
ing, finished all over outside and having three grooves cut in it to take 
gray-iron, eccentric piston rings, one ring in each groove. The piston 
liogs are of gray iron^ eccentric finished all over* outaide and inside. 

IW 
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The gray-iron "pol»," or flanged and c^r'lindrica! phton-ring bUnka* 
weigli about Gy^ ponnds eai-li ^s Ihcy come from Llii^ fonncby and arr 
estpp€*1.pri lo ^vr 12 ring's from curh blank, or so-rallMl "pol/' 

As is well loiown, tliree sl€«i rings, cylindrical, not eec^utrict can be 
placed in one single groove and moke a perfectly Ught packing having 
inany advantage* over the three eccentric rings in the way of l<>wer cost^ 
and giving moiv pisUm wt-arinji! surfiu.v; but tlic Fonl engineers adhere 
to the nsiml »-*oeentrir gmy^iron^rinfj practit*c, in spite of the cost and 

niacliimng diffi<-ultics inseparable 
trovx tliftl fumi of piston pac*king 
lin^, wlilcli di-iiumd?* a great num- 
Ikt of finishing operutiou:}. 

Ttil CinNit Shaft 

All crnnk* of any description 
ttlmtever arc ditUcuIt construc- 
lioiis, if a close degrf^ of accuracy 
ib expected. When it comes to 
an automobile crank-shaft, where 
hghlJiess, strength, elasticity and 
ui'CTiracy of fonn an* highly desir- 
able, the four or ftix-throw crank- 
^liaft which fuHy meets the rcquire- 
iitrn1>4 (if its enkploynteni Iierontes 
an extremely exacting prcHhiction, 

The Ford crank-sluift forma no 
exception to thiji nilc» The jrtcd 
stock must hv llic Itest knoivii for 
the purpose. Then follows a host 




Re-Striking a Craak-Shaft 



of problems in the way of heat-treating, straightening, centering and fin- 
islnng^earliotKMjf tlK-SLMj|H-rHtionNnrid thrirdHaiU demanding lh«; very 
highest grade of nK-tnllurgical luid nircbanical ^kill, if the finislied crank- 
shaft is to have Uie strength, cUxstieity, and close approximatioas to 
accuracy f>f form and tfiineiLdion^ aL every point ivhich are dO highly 
desirable, so fundaiiientidly indUprTtisjdtle, llmt every erank-shafl makvi 
roundly asserts the perfection of hi.s output, altlioiigh it U well known 
tu all coniiK'tent experts tliat ver^' atany crank -diafU for small internal* 
cuiubustioii motors are constantly l>cing made which ran lay no valid 
claim to high-grade eonstnietion from any view-iMiint wlialcver. 

The Ford crank-shaft in mcKit ficientifieally constructed no far as 
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selection of material, Iieat-treating ami quenching are cotiremed. This 
much 19 fully proven by Uw veiy prmt Irouhlc experienced in even 
slightly changing Uie fomi of the rough ctrop forging, before the crank- 
shaft goes into the iimshern' haiuR 

First there is the re-strike undor a heavy steam hammer^ in dies 
which arc to crank -fthjifl form drawings; then, after ^inaggitLg. comes the 
rough-straightening uncW a lighl^^ steam hammer, tliea centering and 
finlsh-straigliteninp ivilli sled^o?i and anvils, and nmny-liraes repeated 
gauging with the rough crauk-shoft ou centers, before the rough piece La 
in form for tht? first maclune cut* 

The many sopanile op<_Tiitioiis required lo Gnish tlie Ford crank-shaft 
drop foiling, as received from outside suppliers, in order of sequence 
are am follows: 

Opii:RATiaNH ON Chank^Shapt 

The oporations in the Highland Park shops begin with four heat- 
treat opcrationjij — A, air heat; B. heat and quench; C, anneal; D, rc- 
strike. The hea,t-lrt'ating operations A, B and C are nol here described- 
Tho story of the mechanical treatment of the Ford crank-shaft begins 
with operation D, rc-atrike. 
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General View of Operation of Finish-StraighteoiiLg the Shafts 

As shown on pag(T 198, the warm cnink-shafl is liLid m the lower half 
ol a die of L-orrwl form mid struck suoli blows us may Ik* required witb 
a l.aOO'poimd hauimt-r Laving 36-inchos fall. Throe men arc used in 
the re-slrike i^aiig, one lianinier man and two tong3 men, who lay the 
JshafL m lliehn^er-Iialfiif llie die, Tlie prodnrtlnn isalmutSnO rtt-strikes 
per hour, three men's time. Steam hammer by the Morgan Company. 

0[>era1ion K. Tumble. Two men and two tumbling barrela tumble 
about 100 rraiik-shafts pi^r hour. 

Operation F. Snag. Five mcn^ using five emery-wheel stands, nnag 
about 150 shafts per houn 

Th<r tumbling removes mueh of the scale produced by heating in 
prc?ii.'Uo<.' uf Tret? *)xygtrn, and t,he emery wheels k*ave the job in good 
^hape for: 

Operation G. Rough-straighten. The rough-straightener uses flat- 
slab stands, set with hardened-steel studs, which should toucli the ^haft^ 
at certain points- 

In tlie piL'ture shown on page IM a roLigh-straightener has a crank- 
shaft laid on the elevated gauge slab, and is looking through imdcr the 
«halU to *oc where it is away froDi the gauge pins. The 1,000 pound 
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stcani-hamnicr, Si-inched lift, is seen iu tlie rear, with Uic imnmicr man 
ai Lhe ltr\-vri. Oiit* linnnntT mail anil Itirtv gauge m<-n niiikc up i\\c 
Tough'^Xnughiewmg gnu^, and iW (JuLput Is uUoul 150 criLnk-sliari* 
rough-strttightCQcd per hour. Steam Lnmraer by the Buifalo Foiindiy 
Company. 

Fror» tlie rough-sLraiglittm joI> Ui«? oninJc-sIuift?* go to Lite miu'Iuni- 
shop finish'-itrfligluen gnngt ten m<^n all told — one cenlerer, seven fiiiUh- 
straighton gauge men, and three strikers, who use l&-poimd sledges and 
strike lhe rrank-shaftft held on t.hree anviU by th<i j^aiige men, ;i-s 
directed, often with a full-swing repealed in the Name spot. The crank- 
throws often rcquipe opening, cffeetcxl by stnndin;^ the crank-throw on 
lhe anvil horn, and giving a full-swing IB-pound sledge blow on top of 
the eraidc-wrisL One would aalunilly exi)cct tu see one such blow open 
a llirow of this i;l<mdcr crank-shaft half an inch or so; but no sueh retsult 
occurs, and often two or three full-swing l>!ows of the sledge fall on tlic 
rrank-wrUl Ijcforu (Jie gunge man l-s siiilcnl. Inditil, it sccnis iiiipos^^iblc 
that the Ford crank-shafl sboiJd show such indifference to heavj' sledgo 
blows OS it ecrtiiinly does show. 

The itinslratlon oii page 200 shows a general view of finhh-strnight- 
ening, thi!* page tlie crank-shaft eenterin^, aiul pa^ ?0^ a iTiink-sljaft 
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Dead Centers and Gauges for Finlsh- 
Sti&ighteiiui£ of Cr&nk-Shaft 



dead-centers gauging stand, show- 
ing the gauges used in fimdi- 
straiRlitening the crfink-sliofls. 

After the hand -work opera- 
tinn»iWrri)ied ami iliiiT^Lraltxl, tlit* 
craiik-ediaft finUhing offers little of 
special interest. aUhough every 
operalinn demands a well eoiil.rived 
fixture and accurate machine work. 
After centering;, the first latlie cut 
is roufih-tuming the middle bear* 
m^. This is shown jusl below, 
Tlicn folluw in order the twenty- 
nine operations listed below: 

Turn cr liter l>i*aring. Iteed 
lathe- Tlie erank-:*littfl is sup- 
ported on the lathe centers, and by 
a long 5lee\'e*rest is fixed to the 
live spindle, which supports tlie 



crank-arm next to the center bearing, and gives steadiness to carry 
a hig chip in rough-turning the c^nti^r bearing- ¥Wg Heed lather, one 
man toeiU.'h, WeeutrrbeHrin^?^ tnrne*IbyoTie man and lathe muneliour. 

Face tlie flange. lUn^-d lathe and one man, 30 per hoLr. See page 203. 

Turn Hange cireuinfercncc. One Reed lathe, one man, G5 per hour- 
See pag<- 20:j. 

Sc|uare down to center. One 
Reed lathe and one man, 65 per 
hour 

'*Re-center," Should read 
"Deepen llie center." The centers 
are not changed from first location, 
Om* Ford centering niat'IiinL% one 
man, H5 per hour. 

Straighten. One man and one 
hand-o|x*rated screw-press, 65 ]>er 
hour. 

Drill and ream two O.Vtl ejiot- 
ting*pin holes. Thc;^e holca arc 
diairietrieally opposite each other 
iDtheflange^sameradiuslocenters, Rough^Tiiming the Middle Bearing 
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and serve to Icicate the crank -slmft 
fof ^Tist - fitiUhing l>y grinding?. 
Only the crank-shaft bearings aro 
turned withkthclooU. The wrisly 
are fimshwl wholly by rough-grind- 
ing and Snish-griuding. One man 
Willi one iwo-spindic Cincimiaii 
drill press drills and reams these 
two spot-holes iu 40 cruok Hanger 
per hour. 

Drill four fly-wheel boll Uoles 
in flange ; Cincinnati drill-press and 
one man, 100 per hour. 

Turn two end bearings. Heed 




Facing the Crank-^^bafc FUoge 



lathe and one man, turn end bearings of 23 crank-shafts per liour. 

Rough -grindmidcUe bearing. Landis grinder and one num. 40 (wrhour 

Uough-grind flange Waring, l^ndis grinderand one man. ^5 per hour. 

Rough-grind (rout-end bearing. Liindis grinder and one man, 35 
per hour. 

Rough-grind wrists. Landis grinder and one mwn^ b^ ghafts per hour. 
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Crank-Shaft Burring Toi>I, Hand-Oper- 
aled 

Finish-I um flange. Itf^d lathe 
and one man, 95 per hour. 

Fftce ends of crank-shaft to 
ovfir-all length. Reed lathe and 
nnr man, ;";0 |ht tumr. 

Drill and ream on<j 5g'incL 
starling pin hole, Cindnnati drilling 
machim^and mirnian, .'jO jxt hourn 

Mill key-w'ny- PraLLajid\Aniil- 
ucy milling machine and one man. 
185 per hour. 

Hand -ream starting-pin holi- 
and hiirrkey-waj%hand op<?rations 
on bench, one man, 1^ per hour. 

Balancp; halancr-disk staml 
and oinery-whcel stand. One nmn, 
40 per liour. close batancinff. 



Finitdi-grindendttTists- I^andis 
;:rindcr and one man, 1^ per hour* 
Sliimii 'wloiv {jn this page. 

P'inish-j,'rind middle wrists. 
Landis grinder and one man. 12 
per hoiir. 

Fini*li-.s1niighten, Maq, dead 
centers, and hand screw -press, 60 
l)ep hour- 

Finish-griiwl middle l>earjiiK. 
Landis grinder and one man, 3S 
per hour. 

Finish-grind flange hearing. 
Tandis grinder and one man, 15 
pi.rr liour. 

Finish-grind front-end bearing. 
La-itdiM grinder and one man, 35 
per hour. 

Finish-grind gear fit. Landis 
grinder and one man, 35 p(*r liour- 

Finish -turn flange cireumfer- 
ence. Reed latlie and one man, 
too per hour. 




Finish-Grinding End Wrists of Crank- 
shaft 
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Facing and Boiiiig Piston, W*iiiitr ot SiAascy Turret Machine 

Burr. Twt'iily-,st^ven per liour, otic man nii briicli. Tliis is the oW 
style. Now, with new hand burring tool, out- man burrs over 100 craok- 
shufts per hour. 

Jiy the uld mefhod, witli fir^t^class viso hnnd^ u»iiig fine Hies of 
various sliapes, on*.* iiiim couM Imrr 4irily ii very few, tiol more than trn, 
crank-shafts per hour, and at that tlie job could not he tiny too well 
done, as some of the hurra were very difficult of access. The full capacity 
of this nrw burring tool, of which two views are sliown opposite. Ls 
not yet certainly known. It was first placed In use about December 15, 
1914, and cITecta a labor saving c^tiniatai at about $^0.O0 per day. 

Two widths of tills hand burring tool will be used, one for each length 
of criink-shafl beuriug. The up-lurued toolhed ends of the »ipriugs 
scrape tlie burrs off at one pa.ssa];e over. 

Final operation. J*olL*h the criink wrists. The crank-abaft is belt* 
driven on itn own centers. Kacli erank wrist lake-s a special eoiuiecling- 
rod end which closer a felt ring on the wrisU under light pressure. The 
free end of each rod is jointed to a verlicftl lever. The fell is not charged 
with any al>rasive — simply nibs the wrist a-s the rrfink-shaft revolves- 
Ontr of the wri>-t-polishing niachine^i polishes the wrists of about 20 
craiik-f^bafts f>cr hour. 

The reader who follows this sketch of crank-abaft production atten- 
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Fioishing Pin Holes in Pistons 

New Bnttin uucbSuc 

lively will fully iintlerjitaTid that if the Vnrd rxnuk-Amiis are nnl w«Il 
finjshpcl lite faults caiiinjt be charged to any lack of painstaktug on the 
part of the machine-shop mana^nient. 

The Ford Pistons 

The Fort! Model T piston is an extremely light |(ray-iron casting. 
The piston finishing is a simple job: the piston i» first cLuckud, open and 
oulwan.lj in a turret machine of ordinary pon^trurtion (Warner and 
Swasey^ suppliers) and is then roiigh*bored and finish-bored with two 
tools in the turret and faced with cross-slide tools. This gives a sub- 
stantial spotting surface for subsequent operations in piston-finishing. 

Next the piston-piu hole, about ^*/i4 diameter, li drilled, boreti and 
reamed; then the pifitou is rouj^h-turaed and finally completed by fin- 
ish-turning. 

If dt'sired, the pi*4ton-pIn hole could be nuidc as mucli as VU inches 
diameter, could tak<' a htillow piston pin lV» dianieler, soft, which would 
give sufficient projected area to carrj' the piston pressure without <^s- 
placing the film of lubricating oil lying l>ctwcen the pin and tlie vralb of 
the piston*pin hole, and the entire piston and pin assembly weight 



TOT 

couM W timiigliL Ijelow that of 1-Iie ptv^nt (^ronslrudiuri, wlilcli iiLcliule?* 
a hollow pin, hardened, and two hronze biiahes forced into the pin holos 
in the pistons. 

The u«e of a piston pin haviog sufficient projecied area to pre^'enl: 
displacement of tlie oil film U not new. A good many years ago^ in the 
shops of the first American automobile company to sell any considerable 
luniljer of cnrs, I saw a motor, 4-inch diam^^ter of pistons, pins 1 % diani- 
■eter, Imllow and .soft, pulled down after tlrlvlng lU ear 5,000 miles on 
the road. Neither the pliton-pin holes nor the piston pin itself showed 
any signs of wear, which was proof ronrhisivc that ihe oil film had nol 
bt^n displaced, ajid this, tcMi, in spite of certain jirnof Umt the job was 
not true, and that the pistun-pin axis did not correspond with that of the 
pin holes in the pi^iton, Of course, as every machine man well 
knows, it is far better to use a Ixraring of sufficient projected area to 
preveut oll-Slm displacement than to use a bearing of such small pro- 
jected area m to make brass bushiu^^s and hardenetl rubbing surfaces 
necessary' to succeiSjful working, because it is better to wear out the lubri- 
enling oil tJiaii to we^ir out llie nietjil of tLe wurkiug parts. 

The Ford enfiinoers, however, elect to use a smatUdiaiiieter hardened- 
steel piston pin, and place bron^ bushes in the piston-pin seats. 
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Roiigh-Tunmig uid Grooving Pt&tons oa Foote-Burt Vertical Lathes 
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Th« foundry nuniher of the pistons is 1-418. The foundry op<;nilioiu fl 
arc» A. moUing; B, tumbling; C, roufib ffpindinp; R P, chipping. The ■ 
piston?! are ttiea seat to the machine sliop for the following finishing 1 
opi-mtlons: ^^H 

Fac« and bore. Warner and Swa?H.'y turret machine, rough-bore and ^^| 
finish-bore open end of piston with two tool^j in the turret, then rough- ^^B 
fan- nml finish-face with two tooU in the cros»-sIidc» (Sec page 205.) H 
Production, one screw uiacliine and one uian, 80 per tiour. H 

Drill, bore, and ream the piston-pin hole. Up to about a year 1 
ago these operations were performed on some single-operation tools. H 








^ 


Finish-Tumiofi: of Pistoat ^^H 

Then the Ford Company imitalled three special machines by the New ^| 
Britain Machine Tool Company, which are regarded as satisfuctor^', but 1 
have a combined capacity of only about 240 pistons per hour, 8fl for one H 
maeluiie and one jiuiu» so that tlie old single-operalion machines are yet H 
Ufied, tliougli their work is the more costly. The special machine is ^^H 
illustrated on page iOQ, ^^H 
In this adec|uate and well designer] machine, whirh Ik automatic saVC ^^^| 
for fixing and removmg pistons on the four anus ot tlie work -carrier, this 1 
fixture i^ automatically indoced to four positions by rcvoKHng the fixture ■ 
on a horis&ontal axis placed lengthwise of the machine. At the right H 
end thi» machine has three live spiiidle?« with independent feeds, one for H 

1 ^ 1 
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drilling, one for boring, and one for reaming. The top of the four-arm 
indexing fisrture turns toward the operator. Each arm face is offset 
the distance from the faced open-end of the piston to the center of the 
pin hole. The top of the fixture is the put-on-and-take-off station. As 
the fiixture is indexed round, the piston first comes to the drilling station, 
and has the pin hole drilled. At the second station a second piston is 
drilled while the first pin hole is being bored. At the third station a third 
piston is being drilled while the second piston is being bored and the 
first piston is being reamed. The next movement of the fixture brings 
the first piston to top position, where the attendant removes it, and 
replaces it with another, and from thence on, so long as the attendant 
removes and replaces the pistons, all three operations of drilling, boring, 
and reaming piston-pin holes are in continuous progress, save for the 
time occupied by drawing the tools back and indexing the fixture from 
one position to the next following position. 

Rough turn and groove. Vertical lathes with rocking tool carriers, 
by Foote-Burt. Set in banks of four-machines each, all four attended 
by one man. The piston is spotted on its open-end, and held by a pin 
in the pin hole and a tension eye-bar, shown at left, pulled down by the 
capstan wheel seen low down on base of the machine, a cam and a 
lever. Four of these well arranged machines and one man rough-turn 
75 pistons in one hour. See page 207. 

Press in bushings. Two brass bushings are forced into the piston-pin 
holes, one on each side of piston. One man and one Ferracute press place 
bushings in 300 pistons per hour. 

The next two operations (formerly separated as K-6 and K-7) are 
now combined, and arc performed on a line of sixteen new Reed-Prcntice 
rocking-tool-carrier lathes. One man attends two of tliesc fine tools. 
Production, one man and two of these lathes, 50 pistons finish turned per 
hour> See page 208. 

Ream bushings; this operation is worked on the motor-assembling 
job. The piston department work on the piston ends with operation 7, 
finish turn. 

The Piston Packing Rings 

The Ford gray -iron eccentric snap-rings, placed one snap-ring in each 
of three grooves in the pistons, are certainly a job. They are also cer- 
tainly the most amazing example of subservience to vogue and prejudice 
that ever came under my observation. 

Cartwright, clergyman, of the time of James Watt, was the first one 
to devise a metaUic piston-packing for steam engines. The Cartwright 
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Firet Operation oa '*Pote" (or Piston 



packing consists of throe rings, 
cylimlrical, in orifl groove; first a 
tti<It* cmo, ftiliiig the groove iR>id(Ie, 
and out^de of the ini^ide nog two 
rings, each one half the width of 
the insidr ring. This tbrcc-ring 
packing, 45-JegrL*c au|^1o cut«, U 
tightt cost8 but little, needs hut 
little expansion spring for small* 
dianicj.er cylindt-r-s and U in t^very 
way so exactly right for its place 
that it came into immediate use 
and Is. lo-flay* Ih*? standani pack- 
ing for b^nall s<L-»ni cngine^i. 

Mr. Ford, who liad on extended 



pergonal acciuaiutaucc with ^team engines IxJorc he began with gaa 
engines, inu^d be fully aware of the Oirlw riglil tlirenvring pi^tton pack- 
ing and its many virtues, and yet the Ford motors use eccentric snap- 
rings, with holes stmiglit tlirough tJieni, one ring in one groove, each ring 
tested lo show !8 potinds of resistance to closing to cj'linder-bore sij&e. 
The " Reliance " of Detroit, used the Cart^Tight packing, IhtMweylin- 




Sough-Tum and Cut Off Pistoa Ring on Potter & Johnstoii Special AiitomatiG Mactdoe 
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dricttl rings iii one groove, with «ntirt luccliartical fiiicccss. but changcc 
Lo eccentric sn»p*ringK, one ring in ii groove, because Itclijuicc car pur- 
cOuisers pn'ferrcil thp eccentric srinp-ring. 

At the beginning of the American inolor-cur triidc, American mokcw 
were beaten out of sight by the French aod German autoruobilc cou- 
slnictors, who had all the trade wnrth Iih\ iiig> ;iiul presently the Amur- 
ican builders joined in a en* of "Give llie public wbnl it wants*' and 
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Piston-Ring Boring, Eccentric Turning, Marking And Cutting Off 

Fetter tt JuIliu((>u iptf4'i>.l lathv, tliuvtiitfj Ulbc baiUIv ^lai oullLng n\^•\ innrking IooIa 

with one accord Iwgan copying foragn practice, the snap-ring among 
other details. 

I do not know whctlier Mr. Ford ever tried Cartwright packing in a 
gas-*nginc cylinder. Init I am infonneil by the machine-shop head that 
lupislun piickMwithtIiiTvcylIiu!n<'Jil riiiys !u one groove has Iw^t^n trii-il 
in a Ford motor during the eleven years of his Ford Motor Company 
Bcr^'icc. 

TnK PisTos-Rixo *'Pots" 

These arp gray-iron hollow cylinders, having a low flange at one end, 
^om which the Fonl eccentric snap-rings an: laboriou:d>' carved. 
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ffiD METHOD** AM) TlIK FC>KO 8HOFS 

The twelve finished niig-H expected from ouc "pof " weigh nhout 17 
ounrcSp or \% ounces €*ch. Eadi jxil an it wines from the foundry 
weij^ about oVi pounds, or H>lounces,froni wUichl7oun<xsof fiuJAhed 
piston rings is expected to be produced— that is to say */• uf Uie pot 

stoek b waKtedi 

The foundT:>' supplies the machine shop wilh 13.000 pounds of ring 
pots per day. v^dHh, at 2Va cents per pound, $3^ per day. 

The nuicliine shop pnxhii'e:< abnut 14.000 rings per day. 1V[» ounces 




Straddle Cut on Sides of Rin^, Prmtt ft Whilney Mflchioe 

Tjikr* the |ilai.T t4 lerLuiLii^i Lhe rioK ivla 

neka Bay 1.?40 pound*! of fini^hetl rings from IS.OOO |>ounds of ring 
sloek, 11,760 pounds of stock, worth $^^4 wasted for llieple-iisure of cut- 
ting it into chips and usiug sunp-ring piston packing. 

That is to 5ay, $33o worth of ring-stock is suppLed to the macliioe 
shopf $^94 of thLt value \% wasted, iind 931 of stock value utilized In the 
finiBhe<] work. 

These fi^Tirca are not favorable to low-cost ]M-^ton-ring production. 

The pif»tou-riugs fini-sliiiig job workft about twenty-two machine 
hands* and no less thaji fourteen inspectors are ni^eded to make sure that 
the rings arc suitable for tlteir employment after the>' are finished. 
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BreaJdog the Rings 



Tlie rough dimeusioris of Uk- 

pot» a hollow gray-iron oyliudcr, 
!an|^ at one end, arc wa foUovva: 

dinmeter of holts 3]'2 Uwhes, diuin- 

eter of body, 4 mclios, diameter 

of flange, &14 inches. Uiickncss of 

flange, J^ Inch- lA'iigth over all, 

0j^ inches. 

The operalions on the piston 

rings are as follows: 

Fate. Tlie pt>t is clmt^kcd in a 

Beed lathe, flnnfjed end out, is 

faced off, and the flange edge is cut 

to aljout a 20 degree angle, large 

diameter outside. This gives the 

holding surface for the Potter and 

Johnston automatic operation of boring, eccentric turning, marking 

Uiin point and cutting ofT. One Reed lathe and one man face 114 puts 

in one hour, Se^- page 210. 

Facing and beveling the pot flange. In speciatly designed Potter and 

Jolinstunautonialie iiiachiues Uit- i>nls arc chucked by the flange oa the 

face plate, cylindrical part of the pot in the air. See page 210. 

This tool hft3 a frame, supporting a tool carriage which has an auto- 
matic feed and slides on top of the Frame- This carriage c^irries a heavy 

boring bar, cutter set in advance of 
the turning tool, which bores out 
the inside of the pol as the cjirriage 
is fed towards the liead stock. The 
carriaffe also carries a cross-slide, 
moved by a crank action making 
even turtiH with the lurad-stock 
spindle, which moves Uie turning 
tool towards the work center and 
ilraws tiic tool ,iway from the work 
center,bothmotiori8.oiice to every 
rc\'oIution of the pot. Tim gives 
the ring-blank its eccentricity. 

The frame supports a head* 
stock at tlie left-hand end, carry- 
ing a live spindle to which the pot 
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is chucked, while a liorizontal nick-sliaft placed along the back side of 
the lathe carries a rocking tool-hoUcr, automatically moved to cut 
the ring^ off successively a-i the carriage moves towards the head-stock, 
the rocking tool carrier having 13 parting tools fixed in it, the took 
heiti^ set at different hei^ht^ so as to cut the eiiUre pol body into 12 
separate eccentric riags by tlie combination of nutomatic ngtmciea 
specifiwl. 

Theillitstrationon pa^eSll gives an enlnrg^nl viewof Iherarringeand 
the rocking tool carrierof this higlilyinfieiiioiift Potter and Johnston auto- 
matic pi5ton-ring rougli-tnrniug and cutting-off machine, and shows the 




placing Piston Rin^S on Arbors, Ready for Finishing the Ring Circumiereitce 

rocking head of cuttin^'-off tools, the front right two or three rings cut off 
and lianging on the hoi-iiig bar, with the crank-moved t-ocenlric liiriiing 
action carried in a horixontal cylindrical cross-shde housing extending 
to the left. It is needful to know the exact thin point of the ring, and a 
spring striker, seen above the eccentric acf,ion shde, carries tlie center 
punch at its end and marks each ring at the thin point as the turning and 
cutting'off proeeedii. Two machines and one man, SOO rings per hour 
rough-turned and cut ofl< 

Straddle face the ring-sides. Pratt and Whitnej' niacliine, with 
expanding coUel in live spinilJe, and ring receiver ju hand-tever-moved 
taii-spindlc. A notably clever machine design* shown on page 1J12. 

The workman places one ring in the tail-spindle receiver, pulls it o\'er 
the collapsed expanding head-stock collet (which is milled on the 
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hotdiDg surfaces) expantla the ar- 
bor, wilhilraws Ut<^ tail spindle, 
and then with two tools faces both 
sides of the ring at same time. One 
man and one machine, 300 ring* 
faced on both sides per honr. TIte 
rings are not ground on the sides. 
'* Break" slot. Cut the riiijr 
oi»»ii aL exMTt tlun point, 45 de- 
grees fingle puncli and die cut ui 
Bliss press. See page 213. One 
man and one press, 1,062 rings per 
hour- 
Mill slot. On small hand null- 
itig machine, having a mill of right 
\^'idth on the arbor in the live 
gpmdlc, the rings are hand-lever 
clamped in a 45-degree angle re- 
ceiving fixture and the "hrcak" is 
wideiied to width of niill hy hand- 
movenient of erogs-slide. See pngr 
813- This operation finishes th< 
rmg 45-def^TJi angle cut to fimiT 
width. One man and one machiue . 
650 per hour. 

I'ut on arbor» rough turu» take 
off arlKir, put oa nrhur, finisi] turn, 
and take off arbor are sufficiently 
illustrated by page 214, MTien an 
eccentric snap-ring, rough tiimeil, 
15 pushed into a cylinder it doei 
not touch the cylinder wall at all 
pointa. To obtain rings bearing 
at all poijil?; the xings are placed 




luspcctuig Piston Rings :<>r Citjsiog Re- 
sistance 




inside of receiving cylinders of tool steel, hardened and ground. The 
receiver stands on a ilanged gray-iron boac with top-end open, and 
first takes sbc rings, laid one on top of the other, thin sidea and thick 
.sides alternating. Next is placed a finished steel collar about J^ inch 
tlu<'k, then on top of this collar, six more rings, similarly disposed. 
Then the filled receiver goes to the ari>or man^ who pasfics a flanged 
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arbor, fitting the receiver, througli the ittaide rings, plac<?3 a fiDiahcd 
rull-ir oil top ami M'rews n nut tlowti on Un? tHillarj Itnrd. TIh^h Ih*^ 
receiver and arbor go to the arbor-press man who presses the arbor 
out of the receiver, with tlio rings and collars firmlj* clamped in place by 
the arbor nut, Tlien the filled arbor goes In a Hand on a Reeil-Prpnlir** 
lathe. The reader will understand tliat the ring's circumference is not, 
at thifi tinic, a true cirde, hut has high antl low points, because an eccen- 
tric ring will not touch a confining cylinder at all points without special 
fitting. Tlxe lathe mun now proc^^s to rough-turn tiie riug» wiUi a cjt 
just deep enougli to clean their outride surfaces. One man and one 
Kefd luthe> 12 rings on an arbor, l,OoO rings turned per hour. Next the 
rings ail? tiikrii off the arbor and are then again pai-ked in receivers, the 
same as l>efore, and now stand ver>' much less away from the containing 
cylinder tlian at first, but yet not touching all round. Once more the 
arbor is put tluviugh the rings, is pushed out of the receiver, gocii to a 
lathesmaa, who takes the finishing cut over the HngH, again barely 
enough to dean the surface. 

The entire ring rough-turn and finifih-turn g&ng. as shown in the illus- 
tration^ ran rough and finish-turn^ with two Reed-Prcnticc lathes and 
two Ittthe hands, about ^,100 snap-rings per hour. 



Rings Inspection 

Tho fourteen inspector* on llie ring job, two-lliirds as nuuiy inspec- 
tors us there arc workmen, inspect the rings constantly in course of 
finishing. The final inspection is for 18 pounds of ring resistance to 
closing to cylinder *tiameter- Se\'eral forms of closing-resistance testing- 
machines are used, tlie late-it, in use but a short time, being slio\^'n on 
page ^15. 

The ring under test issecnclosetoriglit of Uie inspector's right hand, 
cut to fronf; the n'luler's left (workman's righl) of the inspection ma- 
chine, is fixed. The inspector lays the ring down flat on the testing- 
matrhinc surface and pulls the ring towards him, left side of ring against 
the fixed abutment, ring pa.*sage resisted by a lever on right .Hide, 
weighted to 18 pounds, ^^^len the ring resistance is 18 pounds the lever 
makes an electrical contact winch rings a belh If the inspector pulls 
the ring through with no ringing of the beiU the ring is a waster, and 
souu^ lots of ring^ show 20 per cent of faihir^^s in standard pressure- 
roststance. As a general rule, however, the failures do not go above 
about 5 per cent, of total number of rings eiubjectcxl to test. 



Chapter Vm 
THE COMMUTATOR PRODUCTION A^fD ASSEMBLING JOB 

^T""^HE Ford commutator consists of a case, contacts, and rotor 

I fixed to the end of the cam-shaft» geared to make one turn to 

two turns of the motor crank-shaft. 

This rotor hub, T-4446 (see the plate on page 218, showing rotor com- 
ponents, fiber insiJation ring and hand-nuts) has two short paralld 
arms on one side, forming a clevis^ adapted to have pivoted therein a 
swinging arm, T-^72, this T-672 having also two anna forming a second 
clevis adapted to take the hardened tool-steel pin, T-476, and hardened 
tool-steel roller, T-673, extending from one side and a spring-tail extend- 
ing from the other side. 

The rotor hub, T-4446, has also a spring tail extending in an opposite 
direction to the clevis arms, and a close-wound, coiled, steel-wire spring. 
T-469, has its ends hooked into the two spring tails specified, all so that 
the spring tension constantly tends to swing the hard-steel contact roller, 
T-673, away from the hub of the rotor, T-4446, as the rotor revolves with 
the cam-shaft. 

The rotor is surrounded by a vulcanized-fiber insulating ring, T-4447, 
forced into the case, T-4430, page S19, and afterward milled with four 
sinking cuts, to take four contact assemblies, T-462-B, with their hand 
nuts, 90 degrees apart, all as shown in two views, symbol T-4443, oa 
page SI 9. 

The commutator case is revolubly seated on its large end concentric 
with the cam-shaft, placed to make the four contact-head faces match 
the rotor roller for height, so that as the rotor revolves the roller will ' 
contact with the four fields successively* 

COBOiUTATOH OPERATION 

The four contacts are wired to four coil boxes, each coil being wired 
to the fiy-wheel magneto so as to be supplied with electric current so 
kmg as the motca: fly-wheel revolved at 25 cnr mcve turns per minute; but 

817 
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Rotor Componeats 

TliGK KK the Aber ringT-4117, thi^contJkrl-iliiH ri^-nitjili^m T-CTl, tlir tiuIbT'40T Lad T-47i: jukii Utv mil- 

as the contacts are insulatetl in the fibpr ring pi^ssed into the case, Uicre 
can be no ignitioit-spark-creaLiiig dischnrgt* of cWlric current until Uie 
rotor roller touches a contact and so grounds lh<? cl^xlriciU circuit. 

The t'a,se can be rocked hy lis integral coulrul-rod arm. so us to ciiiisc 
the contact to occiir earlier or laU'r irt tlic rulor rrnohitioUj Uiusadvam;- 
iBg or retarding the ignition-spark production timc- 

A constant spring pressure is niaintaincd on tlie small end of the case 
toholil j he case \jn ilsseat. 

In the iilu^dration on page 219 an oiler is shown seattnl opposite the 
case control-arm, wliicli plocini* of tlic oiler makes the case riiL:)it-hand 
control. If tlic oiler is moved round 180 degrees, and seated in the renter 
and hub then* placed, next to the coiitroUiriii, tlien the caw is IcTt-liand 
control- 

The outside dimncter of the finished ea^ is S inches. iaisa<lc diameter 
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2'Vw incics, toltti height ifi inches, 
an<) Ihc wf.rig]it of the cjur alumi- 

The weight of the complclc CiLSc 
assembly T4443, is 6V< ounces, 
Tlie woi^ht of the <„H>mpIeLe rolur 
assembly, T-'*i81, is 3 ounces. 
The combined weight of the case 
a.'Wembly and the rotor assembly 
is 9V« ounces. The reinil selliiig 
price of the commutator, case and 
rotor complete, i^ $1.jO. 

Sixty II ifu^totttbpruduee 1^750 
of these Model T commutator 
and rotor assemblies in one 8-hour 
day, 4HI> Iioiifa LoUJ» a pnxhiction 
of one Model T complete commu- 
tator for sometliii^ less than I6Vs 
minut&s of one man's lime, a» 
against 2^1 mimiles 18 seconds, Jan. 11, lftI4, before the ccimmutator 
job was first moved to the fourth floor, and of i3 minutes 41 seconds of 
one man's time per commutator completed, March 81* 1914, after tho 
coDinmtator job was moved to the fourth fliKjr and before the ease- 
foundry was installed there. 




CommntAtor Caw Asswnhly {T-^^) 

and Rough Aluminum Casting for 

Cominuucor LT-44391, Snagged 





Commutator Assembly (X-4443; Showing Contact-Seatuig and Contaci-Stad Insulatioii 
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Gas-Fired AlumLaum-Mcltirif Furnace of 

Ford Construction in Small Room 

Shown at the Left in the 

Picture Below 

Hic i'liar^D U f tVcD » HH |kuuui^a |iiirv mltiminum 

by vtigFit <f •lumiiKini end rxtpiwr iltit jptr^ 
X trifle nrtrS t)*«nit of (vi|i|wrin \\iv nn.'lt 



TIi<^ commiiljitor job is fnicli 
as U^ iiinke tlie best relative pbic- 
itig of tlie machine tools ami 
benches a matter for trial after the 
job was nicivt-cl Ici ilic fiiurth flcnr, 
aii<I tli4? platiii;^ of the work-sli<ies 
w as not L-oinplctcd ^larch SI ; 
hence llic small lalM>r-timc rhIuc- 
lioii shown from Jiiti. 1 1 to March 
31, 19U. Now, AuijuRt l«, 1914, 
cvcrj'thinjE except the bras^ cast- 
ings for Uie rr)tor Is in prtjfty fair 
form. These bra:£!i ca.'itings W€Te 
made outside, the Ford shops Iwv- 
m^ made their first brasA ranting 
Au^. 10, IdH^ ami a haml-ham- 
mer operation h rcquirod on the 
rotor-hub spring-tail. The Ford 
shops ar*^ now tnakinj? new pat* 




Alominum Fcundiy, rfortli End of Commutator-Job Macbiae Floor 

Mvlboff fitmao? ia nuAll PK<m ^Trfnl by fhr-'lfnirai^n kI Ihr riTmii« kf(; tvu nauliWa rniiJ \m^ mould- 
ing mujiinni iPaidt thv lotf tunnrtB ciuJuntng «nli uid aw bdprr unUiiU; runrnnVr AmiT tlinwRbout 
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tt-rna for tlur rotor brass castings which will tiring tlicin right, and 
will ^MJiiit^whal lowor llie prt-*i*aL liLbor-ttnic of WVa niinutci* i*f oue 
man's time for «ach comnmtulor produtxHi. 

The sixty m«u on the couiniutiLtor job arc di\"iil<Hl tiA (oUow«: One 
he-a<l> one fm-emaii, twu tool-sellr-n*, oii« striiw*Ijov?^ oiit-^ cltrk, Uir«e 
men in the screw-niaclune dopartment, one of whom hardens and tem- 
pers the tool-steel rollers and roller-pias. aa<l three himds iu tlie foundiy. 
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Operation 6. Snagging Case Castings rT-44391 

Al (lie right a wnrknuin it ihcgrimliiip whwl; in tnatt. hnji™ uf raM- nuiliinfii: in lUr r»-»r. <»o shi:Y«-Lnjii 

anocaling chtatd, i]urLl> tilkil yd^h ^my-liuji cljipa uanl in aiuu^aliutf tht cunUcI b^scjabty 

T-iOi-B^ iu LliF Itfl LiK'kKTuuad tlic miiu'Hltiij/ funmoc ^'illi iliuu luuvl in Crviitvf iL 

The workmen's routine for sliop euteriug is: ring up on time eloek, 
take work card from clerk's desk, go t*» tot>I crih, take out U>ols, leaving 
checks at tool crib, remove street rliHlurig, an*l l>e at Uieir platt-s rejidy 
to work at bell timo 6:30 a. m.; lunch, 10:30 to 11:00 a- m.; start «t 
11:00 a, m. and work until bell time 3:00 p. m. After the 3*0 p. m, 
bell, ea«;h worker rli^an,^ h!s machine, then iilU his production cahI, and 
on his way with his tools to the tool crib leaves his pruduetion card at the 
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Opcrfttioii 1 on Ccmmut&tor Cas« Operation a on Commutator Case 

Oi>«wtiaB 1 c«au*W«f borinR^c IntaA" ilUmrt'^ t-rtrj inring, 'V*v mtn <ia two Warovr & !3w(UK-/ turroi 

ulu^IUdc*, Tuuc id Houailfl fur one cuac 

clcrk'fl dc3ik, and then leaves his tools at the tool crib and gets his 
rh<?cks hack again. 

Cbpekii45 ull tm)I?* inlo llu' loot crib iil quiUliL^ time iiinki'Si il tvrtaiu 
that all tools will Ik* n»ady for the workmen iil ^^tarlLiig Umu next morn- 
ing, or for Iht* workiiieii iti the following dliifL 

Eiu'h workriinii bikes his pHxhictiuii rjinl from \\ns f^lt^rkV desk at 
starting, w}ien he cbtaios liiB tooU from the tool erib, the clerk '.s desk 
and the tool-crib %vin<lnw brJnp close topether. 

Tilt? fiinn-blanks iisrd in the commiilator departnieni are the work- 
men's lime card, llic non-jiroducttvc lime Uckcl. Form 759, the protlnc- 
tive time ticket, Form 915, and Lhc report of stuck machined. Form 5^^^ 
all of which, witli their n:4es, have bif n already shown and described, 

ItoiJ.KH AND I'iPf llAKDENma 

The eouUwt rollers, T-ti73j and tlieir plus, T-075j are of tool*sUvl» 
and are hardened by bein^ heated to 1,400 dcj;re<^s F,, ([iicnching in a 
canstic-s(>da batlu and are tcmp<.red in a batli of Atlantic tempering oil, 
kept ill a leuipt-rature nl -100 dc^n^e?* F. 

The pins and roller holes are not ^ound. 

The rollers arc placed on an arbor and gromid to uniform diameter. 
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The oonuiiulalor lite h ahmit five yeap«, ordinjirj* cur-tUily ; hcQCO, as 
there arc now over 500,000 Model T curs in iwt\ tlic eouukiutator replacc- 
m«*tit4 jiixr over 100,000 jK^r year, aiul Llie tcplareuient requireiiienU are 
Goustiiutty iiLi/reusin^. 

The vulconizftd-fib^^r lastilation is of the yeHow-frray variety, which 
is iiiurh stronger than the red-colored sort, and is very hard on cutting* 
tool edges. 

Special Machine-Tooi- CorJBTRUcrioNS 
Tlie only unusiual special omchme-tool adjunct usi?d on the commu- 
tator joh is a drillinf^'ntaclime spindle addition, Ford design, carr\'ing 

tlireo driUing spindles, for 
OHHJn^ T-i4W and T^72, 
'<\]\ throe lio\vH al one tiiue* 

Dhikung JtGS 

TIio,*e arc of orditiary 
fornifi^ leaf and stationary 
buslies. 

Tl le gre-ftt nuinl wr of 
ilhi^lnilioit^^ given luth this 
commutator stor>'. together 
with the Ijrirf di-5cription 
iif l]ie cominuUiUir itself, 
will give the reader a fair 
idea of the Ford commuta- 
tor department, 

sn-E ToOL-Pi^riNQ 
Ford engineers art* fully 
aware thai Uwr low«*t txtsVs ranriut be liaJ «i\X' by placing all the tooU 
and men used in one assenibled-eompoDent production dose together 
and in operation sequence, m that each component :diall have the 
shortest po;«4rii)e line of tra\'el, with the fewest handlings, 

Placino a FotJNDttr Di THE M-\cDfNE Shop 
To carrj' out fulK' the foregoing proposition tlio aluminum foundry 
for producing the commutator ease T-H39, b placed at the north end 
of the cominntator marliine-tool floor. The watclitUHn starts the alu- 
minum-mdting furnace ga^-firv at 6:00 a. m.^ and thus niake^ the metal 
ready to pour at 0:30 a, m,* starting time. Three men, two machine 
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inouldcTA and onr. pourrr^ shakixml, and lurnaw man, produce l!m 
roufjii casting aliuiuiium cases., hour by hour, iis tlit^j- luv rcqulrud by the 
lijiiNhcaTi, afwut 1,800 per Shour day, maximum. 

Wc arc so thoroughly accuafomcd to ihc entire separation of tlio 
macliiiic shop and the fuundry that must sliup men havi* iirvcr ^'Iveu a 
niorncnrfe ihoui^ht to the advantag<>s gained by nuiking the foundry' a 
part of the finishing floor, even when using a low-hcnl-iuclUiig metal. 

Ill the prcMSit ca.M.' Uicrel-sno refiiiUilinn tikuIi- forrjiM* cas(ni^*> nrul 
no handUng and transport- 
aUon of caic castings be- 
tivi'jcii the foundry aTid Hut 
.stoi't?snx>m,iiorbi.'tweentlK' 
stores room and the com- 
mutator department. Xo 
writing, nor n'^iJi'ds m^rtUiI, 
save wciglit o( pig nieltcdn 

The case castings arc 
simply in the boxes, ready 
to band, as if llicy gn.'w 
there or blew in at the win- 
dow. No one has to pay 
any attenlfon to the rough- 
case supply, befanse tho 
supply bcgLnsautotnalically 
when the starting bell tings 
and continues until the 
quitting bell rings; every 
hour so many cases mould- 
ed, knocked off the gittes^ 
and placed in the boxen 
ready for snagging. 

In a word, Llie i'oinniutator-ea'*e production starts at 100 per cent 
efficiency, an jmpu»sil>le condition If the case-foundry were not placcnl 
where it is, on tlie macliine-shop floor, wliere it forms the first element 
of the commutator-prodnetion plant, as it slionld and nin^t, if 100 per 
cent efficiency w Xo l»e made possible. 

See views on page 530, aluminum foundry on maclune-sliop floor, 
for producing the commutator case, T-44S0. The small moulding floor 
has a shakoont gratings not shown here, inside the concrete? low wall 
which jwparatesi the moulding floor from the maelune-shop floor. The 




OperatioiLS a and 3 on Commutator Contact Head 

Tuiubic in ilie ¥'tjTi\ lum^^liT JuiriuuijEW li>' a win.M-ni^- a( the 
Icfl, Ainl (JrilJ in n ]<M|»W1*' ljiiiMi'l]i:r Mdiiufiii'luriaii *^**.'6 

nl thd ngbt, 'J'Lr' ^crhiiiuu iLmmf^ LKv hr»d bUnlu 

mflttc tiniti^r pljxo^f i^arh oimloot lifra'l in pPu|H'r iMniliim in 
rill' ivvi>lviri|^ h''di1, Hfiil (III- mjLi'^mi- tlu'n HEilonuilicDlly 
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foundinf; ec|iiipniout iiit-^uclcs two 
Uerkshiw iMaiiuf.ictiiririg C'om- 
pany's Modvl E moulding ma- 
chines, with matcli plates for tlie 
cope ill one ituu*luii« mid for iJie 
drag in tho other machine, foUow- 
boardi and lla-sks, and onv. mould- 
er to each muulduig iiiiicliine. 
The ahmiimim-mdting furnace is 
huu!»t'd III lh«* siuall rotini at Uie 
leht witli open door, as sc(m at left 
extn-nie. Tlie furnace is of Ford 
construction and is attended by 
the workman at the left, who also 
pours tlK* moulds and shakes out 
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Tap Commutator Coatact Head 
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Brown & SharpG Automatic Sicele-Spui' 

die Screw Machine Makuig Itie 

CoQlact Stud, T-4471 

the work, ten cases, T-44S9, to 
cacli flask, and knocks Uic cases 
off the ninner -with a inalh?t as 
swn in picture. Time xvquired U> 
put up the cope» 1 minute 33 
seconds, drag 1 miimtn42 seconds. 
These three nien> two nwndd*?rs 
and one lielpor* turn out about 
l,H00cases.T-H^D,pcr8-Iiourday. 
The pictun? iiu pa^* 2^0 shows 
the aliiminum-melting furnace, 
"Industrial" construftion; capac- 
ity itliont 200 pounds of alumi- 
num alloy. The furaiitv is gas- 
fired, and fcives metal ready for 
poijiing in about 80 minute:* after 
tlie burners are li^litetl. 

Snaccinc CaseSt T-t-lSQ 
The photograph on pa^'e 251 
shows at the right a workman at 
an emeiy whcrJ^ snagging caacsi 
T-4439; time of smiggiug. 4 sec- 
onds; front, right, and left, hoses 
of caacs. Two anneahug cheats, 
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piirtly lill«xl witli gmy-Imii chip!*, 
the clwsts hnviii^' hin^tHl covi^rs, 
all of sheet iron, stiow at llie niid- 
<11<? MU ^ it.li iiriiic;iliiLg rtinnict? 
and ohain hoist abo^'<*- This view 
is at the north end ol commutator 
niachine floor, on whirli Utah are 
placed for comrnutsitor finishing 
ill op<?rution se<|uenc«, 

Tlic progrcHsjvc finisliin;; op<^r- 
fttioiut ujM>i] tlio cjuws ttnd othcT 
coniporiinits iiuLkui;; up the com- 
pleU? eomuiuldtur iissruibiy arc 
Ford Machine with Gronkvlst Chuck, given in tlie following juigi^.s in ii 
Frtcil£)n.prl7en, in the Middle condensed description wliieh eov- 

ii»*»niiii,:kn*iUivi,H(maiin(jj-iir»«ii4itic«j ^fs the main points of the imlim? 
ih.-itid i. o.h™L (vrat,™ I ouT-w-B ^( ^^^^^ j^b, the machine or tool 

used, the time taken, and tmy points of speeiMl interpst iillacliing 
to the work or the equipment ii^K\. The ilhistrations follow in close 
parallel to the text and are ro- 
ferrcd to by number as tlie point 
Ihpy show parlimlarly is L^ke1l nj). 

FlMSlilNG TUE CuMMUTXrOH 

Case. T-1439 

()p<Taii<in 1, Bon: inside dmm- 
ftcr and faLv; dunk hih.1 bnn; un 
two Wamer and Swasey turret 
uiachines, two men- Time 19 sec* 
oiids. Tii« timfts here ^iven jire 
stop-watrh from actual oiM^ratioii 
time of workmen. The pictures 
are flash, actual work, no posing. 
See page «?3. 

Operation 3. Turn outjitde 
diameterandccntcn Page iW. two 
Reed ami Prentiee lathes, two mcai- 
Time on one case. 18 seconds. 

Operation if. Drill one 'V:i: hole, 
time (i secM*iids, Orw* Allen drill 
press, one spindle, one man. 




Some Machine Shown Ab^ve 

It |b rquL|tp«l viii\\ (!■■■ tflnif friL^jmi-ilrivE-Ei Graak- 
viil niiTiirnHlifi-hiK-k hhiI \tvi\ Int rhi- uimrdpnn- 
tlon. h\il cqulf)|}tcl with irl^ili^-uptriLlnl IrAllir^ 
fitiTiJ i]iiu1fli>l(!vri Ijmlkf. I'n-miirv oa thv ekhEilI 
htvl'U iLr' t'bu'^k flbi^ll fimu i?vL>lv[nkC autl rck-iLxii 
Ihe wurk. Till! It*v« IhiU* tLc iii»rml<if'ii 1inij<Jji 
fm: *t oU Uoioi *ad iHTmiU muc£ taa\xz vruk 
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Opi*nitioii 4. PuulIi one 'V** lio!c» time 3 scroiids. Frrrajculo prww, 
0|N'i-n|iiiii fl. Tjip "/^ luile, '/• P'i*'' ''4'j f^r ''ilfr; Ghtviii tapping 

mndiiiK*; time 7 soconds. See pajs^e Wi. 

Op<-rntion 5. Kfuked Ute ca.sc rcad>' to have tiio filter imulaiiog 

ring, T-M47, foiT(^i into its iitsidir. 

MACnLVING THE FlBEO KlNG, T-^H? 

f)pHT^tion 1. Borroiif inflidc*. One Wamftpainl Swawoy riirn*t ma- 
chine, one man, time II seconds. 

Operation ^. Turn outside, 1 
AVarncr and Swasi'_>' turret ma- 
rhiiu\ (iiLc man, liiiit^^ 10 >t^'uruU- 
Soe pitge *i^S, 

^[ACIEIN1N^ THE CqNTACT HeAD, 

T-446* 

The cuntiict hctid is cut, ten 
p:<:cx's at once, from a bar of crra- 
(.I'lil'Stt'tldii sU'vl. with a giLiig of 
iiiilU ill a I'ratt and \Vhilne>'haud 
nLiIhii^'rtiacluiie. Thctimcnrciuircil 
to cut ten pieces fn^ni the har is 
,^3 second^- One machine, one 
man. See page ^'^4. Tliis coiisti- 
luIrA operation 1. 

OpL-ratiou 'i. Tumble^ Ford 
tunihler. 

OjKTation 3. l>ril! one No. 19 
holein. nijddh'of coiitacl head, Lang- 
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cUer Mauutocturing Company's siK-cial driller. Tliis driller h^ a ^ipindle 
hi^ac), carrying ten \'criical spindles and re^'olving nt eonsljuit speed on 
a vertie:il axis. Tlu? ^voik is aiitotimtically fird up to iJii? drill *&piadlc£* 
Tlui is an elaborate semi-automulic maeliine^lool, nii>Id and precise in 

action* 

The contact heads arc placed by hand on a liorizontah revolving 
circular taWe^ flanged at tlie edgi.-, against tlie flange. Tlien an auto- 
matic finger pushes each head-blank into a receiver in the bottom part 
of ihe revolving drill ticad, an<l the heads arc drilled and ejected as tlie 
drii! liead revolves. See jistge 225- One man and one ina^^hine drill ten 
contact heads in 18 seconds. 
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Operation 4. Tap holes in contact heads, T-446S. One Barnes drill 
press with one man, and one Allen drill press with one mtin; long-shank 
taps in drill spindles, taps 10-3d; taps are run through until the shank 
length is filled with contact heads, then the chuck is released and shank 
cleared of heads. One man taps six contact heads in 33 seconds. See 
page 226. 

Commutator Contact Stud, T-4471 

See pages 218 and 226. 

Operation 1- Thread both ends and cut o£E. Brown and Sharpe 
automatic screw machine, single-spindle, as shown on page 226; also, 
same piece, T-4471 , on Acme four-spindle screw machine, no illustration. 
Time, one stud, Brown and Sliarpc machine, 10 seconds. Acme four- 
spindle machine, 6 seconds. 

T-462-B Assemble Contact Head, T-4462 and Stud, T-4471 

See page 227. 

Operation 1. Assemble head and stud. Ford machine in middle, one 
spindle, constant speed, with friction driven "Gronkvist" automatic 
chuck. While the chuck is running, a stud is slipped into the chuck, 
which automatically tightens when the head is held in hand pliers by 
the man at the right, and applied to running stud, held in the friction- 
driven, self-tightening chuck. This screws the stud, T-4471, into the 
contact head, T-4462, as far as the friction will drive it. The worknULQ 
then grasps the chuck-shell, which releases the stud, and the work- 
man then drops the assembly into a tray on the bench. Time for 10 
assembUes, 48 seconds (man at the right). The workman at the left 
takes the assembly from the tray, grasps the stud in a vise, and with 
hand brace turns the head down hard on the stud. Man at left kec^s 
pace with man at right. Two men complete assembly of ten pieces, 
T-462-B, in 48 seconds. 

The "Gronkvisf* automatic drill chuck is extremely rapid and con- 
venient In action, is self-tightening, and is made to release with very 
small muscular exertion. 

With a production of 1,750 commutators in 8 hours, 7,000 of these 
contact head and stud assemblies are used in 8 hours, and speedy prO' 
duction of this T-462-B assembly is highly important. At first the T- 
462-B assembly was made an integral drop-forging, and the stem was 
milled with a cup-mouth mill, which also shaped the convex aide of the 
o(m.tact head; this method had the fault of leaving the outside <^ the 
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Iu?ad ciirvcrK which niarlc it needful to cut the cimtact seat in the insu- 
liLliMti ring. T-4447^ with a curvi'J-rui't? null, ami ilicse objucljoimbi** 
f4?alujvs led to th« present satisfactory' coostnurtiou witli th« Ii<?ad ntid 
stud scjjju'alcd, srrrwing ihvm together, tlien dcctric welding the Atud 
to the hettd, iLud fiiuilly annealing ihc assembly Ixtiiust' the elwlri(T 
wcldiJi+i produces hard apols. 

Operation 2, Electric weld T-462-B. One man. Winficld Electric 
Wflding MiK-liine Conipaii^V welding machine. Tinwi, S seconds* Sett 
page ie«8- 

Opcrnlion 3. Anneal T-4(i«-B, 5,000 components T-463-B sre 
parked for annealing as fotlows: tite anne^linii; boxes ar<> of gray-inm 
witli covers, a^i shown on this page, A ruiigli LnLy nf sh«?t iron, almut 
half an inch smaller all round than the inside of the box. comers merely 
cut out and side^ and ends folded up* is provided to hold, say, 5,000 




AnneaUng T-463-B 

Tll* ynfrr*" i» aliowii cnmplflioii tijr luting «>f ihf knnmlinji hat tnd ftivn^jnint «tllk firp-rlAj. I3 1!m 

laiSilk *l tbr rT*r im iwft Uk' IftJurtrial PiinwT tW* fi*-!!rttl muinilinf hinuw with fli*in IujI** in 

hnoE utti pTTODtrt'r bui on thr pilEiir 4l lfa« Icfll. llic sLcrt'UQD cooUof bui k ftt ihr rainnii- Mt 
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contact assomMH\s. Half an inch of gray-iroii fine chips is spread over 
Uk* fULiiculin^^ box bottoni. thtii llie sdiii.'^-iron inside tray is set on t}ie 
chip>s, tlio 5,000 a»stimt>]i<s8 arc put in, and then tlic whole inside is 
pHC:ked witli gray -iron cliip^, the l>ox cover is hiid on and hitoi with finr- 
rljty.aml llw linx ix]d;i<^^liM IIh^ "Tndii>trinr' fnnutci-. culd.und tUt-'i^iui 
fipo turuecl on, hf^atjii;^ ever^'thinj* ;;crudu«lly for from 4 to 4 hours, until 
the pjTonietor shows 1 JiOO degrees F- Then liic box is witlidrawii from 
the fiirn-iee an*l hiirioii in ^ray-iron chi|*8 in out- of Uir large >h<.H.'i-iron 
fooling chests, where it is let lie for ^4 hours, at the end of which time 
the box is cool enoui^h to handle. 
The labor time ehargcd a^inst 
Uicse 5,000 pietx's uf HTitiealin^ is 
^ niinutc-s of one man'^ time, for 
]MLcking in aunealiug box. 

L. H. CoMMUTAToit Case Askem- 
DLV. T-HI3, Opekation 

Li8T 

0|H*ration 1. Pri»ss fiber ring. 
T-4447, into eiise, T-44S9, I>y 
use of one So. S Grcncrd arbor 
press, one man. time 7 seconds. 
Jxw picture adjoining. 

Openition 4. Mill ftmr binldn^ 
cuts in the iiber ring for sealing 
cuntttct heads, drill for ftmr con- 
tact studs, and counlerbore for 
four stud insulation.^, T'07l, pavce 
21fi. ('unL'ut heads svfiUni 90 de^^^^os apart in ring; two Pratt and 
Wliitney liand milting machines and two men. Time for one ca^-, 
I man, ^6 .seconds. 

Two belt-*Iriven drilling and countcrboring spindle?* are journuled la 
tills Exture. in the plane of ilie miUiiig [luii.-luui^ spindle, and the rentml 
part of the fixture frame in bored to take the round fixture in which the 
case assembly is fixed: the round fixture is rcvolubly seated and can be 
hand-indexed In two jK^sitioiL^, 30 degrties apart. The milling-machine 
jspiiidle earries a sliaiik-inil). same radius as outsi4le uf the eontact bend. 

Action, The ciiJic and liber -ring assembly is clamped in the fixture, 
whirh is on a slide, and with the fixture indexecl in one position the slide 
is moved both ways to stops, wliich cuts tbe contact-'hea<l seats and 




Operation i on Commutator Case 

Prusbgfbe 6brr rin^inlciihrciiw. NaSGrmml 
arbur prt'kn 



POBD BlETnO&a AND THE FOItD SHOPfi 



drills afi<l counter-liores Uie case on two sides^ 180 degrees apart. TheQ 
the fixture is indexed 90 deffreoii and the slide la a^^ain moved to the 
same stops, botli ways; total time of one man and one machine for 
jiiakiik^ t!ie four euntacl culs ia one vhsl*, 26 wcoiids uuly. 

Operation 3, Burr fiber rin^ arid dean out eontacl stud holes, hand 
operation on bench, as shoftTi on page 435, Tinw» tf seconds. Operation 
3 is perfarnie*! by llie middle miin on thi^ k'ft r4ide <)f the .duvl-nictal- 
covered bench, whu drofw the oase*^ ixs hurred itnd rU'iuied on the benth 

at bis right front, convenioDt to 
Lhe left hand nf Uw. first man on 
llie right side nf the beneh, who 
performs C)|K-ration 4, plaeing a 
eontacl assembly (T-4(M-B) in each 
one of tltc rase four eontart seabt, 
and then drops the casca at his 
rii^ht, n^ady lo be picked up by tlic 
si^'ond niim ou the right-hand side 
of thebem/l), who iK'rfonnB Operi^ 
lion 5, placing four contact -stud 
iiiaulating-fiber buahcs (T-071) in 
l.heir Si':i\s in thtt ense, aroiiml Lhe 
contact iitudn, and then drops the 
rase on tlie bench at his right. 
Next. Operation 6> the caiic is 
picked up by the man at the ex- 
la-me left of the beneh» who uses 
lhe Foni nmclunc ^own on page 
235 for iKTforining 0|K'raiii.rti C, 
runiung a brass hex nut (T-472), on eacli one of the four coiitaet 
studs- Thia Operation 6 machine has a belt-driven spindle carrying 
on its nose a friction-<lnvcn hex-nut socket, in which, while running, 
the operator places a hex mil, nml ilieii pushes a contact slm! a^'ain*<t 
the nut which is then friction-driven up against the fiber bushing. 
After numiug nuts. Operation (3 workman drops the case on the bench 
from his lefl hand in front of the third man on tlie left of the bench, who 
performs Operation 7, liglilening up each of the four eonlact-stud hex 
DUtft, by hand> with a box hex-wrench, bringing the nut* to n good 
8oHd bearing on the fiber bush. T-671, and making sure that the con- 
tact head is fairly placed in its scat in the inside fiber ring, T-Wl?, and 
thus making the case ready for Operation 8. 




OpcfAtion :a en Cominuutor Case 

MAl .iiill, mu! i uHiilrxlji/r.- T ttiT iiml IMWfl !■> 
ihBulalirin T-IITI 
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The operation tinios are: Operation S, G seconds; Operation 4, 10 
seconds; OjK^ration 5, 10 5Ccou<i*; Operation 6. 1« seconds; and Opera- 
tion 7. II sif'oiiclft. 

Operation 8, pjige 456. Bore out in,«Kle diameter; tinie^ 0( seconds. 
Five Reed-rrcniiee engine latlics, with Ford Land-revolved and la tolled, 
f<Kjr*tool» four-position turrets. Two lathes are ftliown on page 230, 
Tills operation takes a finishing cut to exact imiide diameter over 
the fiber rinp ami contacts, and 
also on lop and bottom of fiber 
ring and rontaets, Fnini lluvv 
lathes t]>e casea go first to the diip 
rlcancr. shown at the right of the 
lower xivyv on pago 236. and then 
to the iiispcclor, page £37. It is 
important that all boring chips be 
removed bt'fore testings becaii^ of 
a pa.vtililf rurrciil -eirciiil. Tin- 
ehip-eleaner stands near the tall- 
stock end of tlie riglit-hand lathe. 

Operation 9, Inspection of 
case» including insulation test. 
The inspector examines the ease 
to see that it is free from cJiips. 
gauges tlie outaitk diameter, an4l 
places the case on an insulation 
test block, wirrd to a bank of four 
himpT^, whlcli light if in^iulalion is 
defective. See page 237, One in- 
spector onl>' for each shift. 




Milling Machine Firmro U&ed m Opera- 
tion 2 

Tlitf htttVf cUtDp ia fHtrttj- oprn. The driH-*pTndl« 
bcllj arc uftn. one ul thv rifflit. i-n>U(.-(t Lilt iiOier 
it Ihf !iTt, of*m, I'Iminii tut* clriEl-4pin<L]fv iTirry 
tW rlrillx itri'l rminli^rWri^ fiir»4tinQlhr ocntpct 
iniuLilion T-UTI nnil the i-iiniuoi tinJ llii- Itiric 
rritll wlm'hiNJikrAilii'iinkiiiif i'uIa e» tnkr rhmiii- 
UctlmJaisiu (htwDltrijwiOi-llicflxlun.-. Tlui 
IB ■btrwn mtf^v fully iu llii- ([luwiuu uo (ikirc i^ 



T-671 Commltatuk-Stlo Insu- 
lation-Fiber Bu»n 

Operation 1. Stock is gray fiber 
rods, 7» ilianieter by CA incJies long. The hushes, T*071, nn- nuuleou 
two Warner and Swasey turret machines, two men, one operation time, 
4 seconds. Page 2^8, 

In ordiiiarj' screw-marhinc practirc, the Inrrrt. would rarrj' one slop, 
to fix stock length uut of the ehut-k, and one drilK to drill the bush-hole, 
and the cross-fiUdc tool-post would cany n cuttrng^jflf tool, moved by 
the cross-sUdc screw, and the fiber bushes, when cut off. w*otdd drop 
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Constnicticai Drawing of the Ford Fixture Used on Pratt and Whitney Milling Machine 

for Operation 2 

Front elevatiOD of th« Gituna bclowt irith rnaa section of the index %i ]hc right, (tnd pUn and partiil 

KctioD above 

down into the chips and have to be picked out by hand, somewhere about 
7,000 of them for every 8-hour day's work. 

Changes Made in T-671 Production Milung Machine 
The head of the commutator department at first made these fiber 
buahes, T-^Tl, by the for^xting ordinary routine, but has since doubled 




Above. North Eud pf South Bench, Disassembling Outfit Bclow^ Operation 6, Assem- 
bling Contact-Studs and Hex Nuts 

The Pord iiiar:liilH' UMxl in o[jrrnliuu culm's »(i ila ii|fittinr h frii'lkm-Jri^iiii fii."i *LH-Li't i" Uikv T-l7St *ni3 

abonv the rij^tiLlmnd n),H uf the bclH'h AppeAnni* in \\ic u|j|Hr iriLlurr. In Lhr lusvcr jm'hirv |]jf manitt tin 
kft ia itTL uprniTiuii 7. ||jt mmk on liiv rt^nl banU-nmiimg-nn tnntJiiuc ia uti uiH^rution fl, 4nd Uit' lu^n at 
Liw Klrvin* ngbt h tl'^ntag out Uie I'kipn nfUr UiWk tyjy^v^iion H, tbv Ivt Ihing done to the rwitf dAWfiiibl/ 
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OpeistioQ 8 on T-444i; Boring In&ide Diameter and Facing Botli Edges uf Fiber 

Insulation and Contacts 

Tlw BildtUc fljpiTT. Al ihc tul'ituc'lc rml of thf tifitt-hiUHl lAttvc. ui an infppFtor 

Hiv pot hour protliirtion Ijy nuiking llio following list of dianges- The 
cuttiDg-olT tool 1!^ shoiililercd on tlic lt«acI-3tock side, so that by moving 
Uie cros^^iidc inward to a slop the small diameter of T-C7I U made on 
tJie next Imsh al>out the same time a finidieil bush is rut olf* in a well 
known nijinnc^r. 

Sc<^ page ^38, The cross-slide screw ts taken out; an arm, 1. is fixed 
in the ttirrrt and has fixed to it the <ilot-piece down-hangv^r, 2; the slot 
takes a i&lnd fixed in the crob-^-sUde and projeclui^ upward, the silot 
he&d'^toek-end k'adii)^ to front in the illuslrntion. nil so that as the 
turret shdo id moved forv^ard towards the lieudsluck, the cros5-:iUde id 
moved oiilward> nway fnmi the work. 

TIk* turret is )(>cke<l to the slide and does not revolve at all. 

Tlie turret stoek-stop is ehfimbered to he an easy fit on the small 
diameter of T-<*71, and aUo has fixed in it a twist drill prr*jeeling more 
than the total thickness of T-C71 bej'uiid the *itock-stop flat face. 

A thin liheet-braHs spring is fixed to the top end of a stud projeetia^ 
npward in front of the cross-alidc t<>ol-post, this spring !>cing bent into 
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a qtiartcr circle nt its inside end, ftU so Uint, na Ihc &iialicd bush is being 
cut olT, the bni-ss spring will prc^» nf^ainsl the biL^li front side, and 
when the hush fiinilly breaks oIT tJn.* r^pring snaps the bush s^ainst the 
flani^ed lop-incline of sheet iron, seen above the work-fatching Ikix, 
top of page ^H^. 9o that the huah drops into Uie box, instead of dropping 
into the eh i pit. 

Burring, T-671 

The cutlingHjff and ^honlderiiig tool of course mise* some burrs on 

the work and on the stocky and it is common prnetlee to remove 

these burrs with a hmid-filc, float- 

rnl-. a hand operalion which uses 

both of the operator's hiinds and 

Eo takes coiisiderable time, say 

1 Va or ii seconds, tu remove hand?f 

from levers, pick up the fik', re- 
move burrs with tlie file, hiy the 

file down, and agnin grasp one 

lever with earh hand- 
In these T-071 prodtiring ma- 
chines, a spring-lifted file-block, 

double*eDdcd» float file-cut top 

and bottom, !*■ placed underneaLli 

the work^ at 4, pa^e MS, ao as to 

hold the top file-cut surface con- 

slantly up against the under side 

of the«^tockaiidwork and burr Lite 

job, so the uperator need not lake 

his hands ull tlie levers. This fi!c- 

bioek is llflenl by n very weak 

jspringandhfliialonglife; thosenow 

in use ha\"e workcfl for a year, one 

endonly,anihhetrethareyetgood. 

Both the flip-over spring and ihi* *pring4ifted» float-CIe-eut-block 

are new dcWces to tlic writer; the flip-over spring saves picking 7.000 

bushers^ one by one. out of the fiber chips every 8 hours, and the spring- 

Kfttnl autoniatie, file burriug-block saves a niovemi^nLH of e?ich of the 

operator's hands for each one of the 7,000 pieces produced per 8-houp 

day» 35,000 movements of each liand of the workman jxt 8-hour day. 

70,000 motions tot^d: viz.: 
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Operation g. Case TospectlDD, Showing 
Insulation Test Blocli 

Tlip huiL ur \\^\\% jfliiti wlirn thr niMi* it plnft^ on 
Xhv t^l l>liH-Jc if thi< iiHTilnlioD U fMilly; fuuf 
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(1) Tftke both hani^ls off levers; 

(2) Pick up file in hoth liaiuls: 

(3) WiUi bnth hamU iile off 
burrs; 

(4) I-ay file down; 

(5) He-^msp levers, both hands. 
This liUk' slof>' of little lliinff^ 

ahowa in a very striking maimer 
thfi lahor-cost-rL^liicing value of 
M,-L-tii]rLgIy iiislgiiificunl imuur in- 
vent tOdS. 

This is a device ucw to thr 
wrilcr, wnd H,pplic4ibk' to uiiy snmll 
piece of turret 'mnohine work; it 
savi-^ picking the 7,000 bushi^s 
out of the cliip* every 8 hours, 

B<'cau.«e of moving the cross- 
slide by the rigid slolled-bar fixed 
lo the tuixet, the openitor can 
keep his ri^ht hand eonslaiiHy on 
one bar of Uieeapstan wliich moves 




Turret Tools and Turret- Machine Modi- 
fications 

ibi; iwii turm tniKbiQia uuitnf ibc Lu^kb T-OTl 




Making the 5tu<l Fiber-Taaulaliu 
T-071 



n t■:l:^Jl, 



the turret slide: if the turret is 
move<I away fn>m the head-^tot'k 
llie cross-slide Is moved inward; if 
the turret is moved toward the 
head -stocks the cmss-sliile is mnvt^l 
outward. TIk' operator keep** his 
k^t himd constantly on the live- 
spindle eliuck-Iever. The stock is 
nd*'liet-fed l<."i\ard the turret in 
the uMial maimer. 

OrCHATION 

Having cut off one T-e71, the 
operator pulls the chuck-lever lo- 
warils him and puHlM-^ tlic tiirrct- 
bUde lever away froui liini, ki-e|jing 
the end of the stock against th« 
slop drilbpoini, until the capstan 
leverslands ahimt horizontal; thea 
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Opeiation No. 2, on T-4446- Drilting 
Two Holes 

tlie operator moves the Hmrk- 
Icver away from him, to Rrasjj tin' 
stock liglitly, and pulls tho capstan 
le^'er until the turret-siid<\ movini? 
towards the h^ad-slotk, reaches iLs 

LBtop, the hole in the noxt T-671 
being drilled and the T-«7l tit en- 
tering llie stock-^top rounterliun' 
and the stock-slop fatendpusliin^' 
hard on the next T-*i7K the cross 
slide meanwhile moving oiilw^ird: 
wlieii lljetiirret-sUdemeeUitsstdji, 
the workman pushes the chuc-k- 
lev<^raway from him to full chuek- 
tightening position and holcis it 
there while lie pushes the capstan 



lever away lo draw the turret hack, 
the ero«*^liile ami enttiiig*ofI too! 
meanwhile heinR moved inward hy 
the slotted piece fixed to the tur- 
tv.t and moved with the turret 
slide, until the cruss-sHde reaches 
its stop, cutting off the new T-*ni 
;md forming the tit on the next 
T-671 , tile hniss spniiK lipping the 
new T'(J7I into the box na moou as 
it is cut off. 

This novel ?«.heine of tum't 
machine and tools construction 
luid liandling pcmiila the operator 
to ket'p one hantl on llic^ f<trtl-aiid- 
eluiek lever and the uther hand on 
the turret -slide capstan lever, and 
to produce twice as many of T-UTl 
per hour as by ordinarj' practice; 
and it aIbo places the finished 
pieces in the box away from the 
chips, so tJiat picking them out of 
tile chips is avoided, and 13 here 




Operation No> i. iSlra^Jdle MilliDgj oa 
Rotor Body, T-4446 
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flc-scriWd at length as sonicUnnK 
new and cxtrrmrly useful in tur- 
ret-maciiuie opcnLliou. 

CoMSiuTATOH Rotor Body, 

Tlii^ piocv IK a brius custtiiig. 

Op<-rAtion 1. Struddlo-mill 
ends on Pralt and Wliilnt^y hand 
luiUuig niat.-hint'; niie innii, liiiit- 
5 seconds. Illustmted on pnge 

Operation 2, Two men on one 
Allen two-spindle drilW, and two 
Allen sin^Ie-apindlc drillers, al- 
topctlicr Uircc men. ilrill ami rcnni 
liiri^'liuleinlhehubornjtor hoilj'v 
T-4446. Opcrfltion time, 30 see- 
otids. See page 239. 

Operations^ Siiioolhandhurr> 
Ford rotftiy files; float cut, on 





OperatioQ No. i^ On T*444^ 

SmiiolbiDg and Lufnutf oa Ford mo^biuD uiJ t'vrd 




Operation 7 on RoUer-Clerb Brass Cast- 
ing, T-iS7a 

DriH one }j<]l« 1/lS in liiaioclcr ia iprinjc t^il UiljibD 
Dbc end of thu tnull c<tUpd uprtng T-lOO 

Ford machine- Makes fine brass 
dust; two men wearing no5ie pro- 
lectors. Operaliou timcj 15 sec- 
onds; this page. 

Operation 4, [team to Vis. 
T.nngeller driller; operaliou lime, 
7 seconds- 
Operation 5. Cut Vw ftloL 
Tratt and Mliilney hiiiiLl milUng 
inaehiite; operation time, 9 sec- 
onds- 
Operation R. Drill %fl 'i*^'c ill 
rotor spring ^tjiil. Burke bench 
driller; operation time. 5 seconds. 

COMMUTATUH RoLLKK ClEV1«, 

This is a brass casting. 
Operation 1. Straddle milL 
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Pratt Rnd WiUiiL-y liaiid iiLjIliri^ 
machine; optTation tinie, 7 sec- 

OiJerationg. Straddle mill Vi_« 
boss; operation tinic, 6 seconds- 
Operations one nnd two ore 
sliown on page 240, Pratt and 
Wbitiic-y uullIiiK miK'liiiie. 

OiKrrntion S. Drill two »/« 
holt^, Fowl special threc-^pindlc 
la'ad on nue -Hpiiidle of an Allen 
two-spindle drill press; operation 
time, 2 seconds. Sec page 240. 
The two drillers, smp}*^ spindlr, at 
right, are Burke onc-spindlo drilU 
CP3, set close together, so as to be 
nscd as a two-spintllc mnchinc. and 
are also ust-d for M|X"raliun 3> A 
Ford special thrce-spindlc drilling 
head is shown ut Ictt, working, and 
at right, lyuig down on the drtll- 
tablc. These special heads arc 
made to carrj- three tapcr*shank 
drills eacli, (h-ills V< and ^Vn* cen- 
ter to center. This Ford special 
three-spindle drilling head is of 
interesl, and a section and plan 
an* sliowii in I he const ruction 
drawing repr<«luced on Hih page, 
as likely to be of service to read- 
ers who can save lime hy placing 
the drill spindles vct^' close together. The pecuhar f^'utun: of this 
eonslruelion is the making of the inlcrmedialu gear long enough to 
cover both the driving and driven spindle?^, which ^vcs Uic large=il 
possible UrilU^jvindl^ diaiueler for a given ecnl4.'r'lo*Lt-iiter di?ftjiuct!. 
See page 2 10. 

Opcrrition 4. Ream one ^'ftn bole. Burke drill press; operation 
tune, 2 ^*eeonils. Page 240. 

Operation 5- Drill one hole. No, 34 drill, Burke drill press; opera' 
tion time, 3 seconds. Page 241, 
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Construction of Ford Special 3-Spuidl« 
Ddll Bead 

'rliu luvd ]niii-l(< hit Jnlliiij; tlirtx* hoLu at olirr id 
T-*-i*fl in ii'nx ijiii»<! f-r t*^<» l"»l<'» tuAy litTanbr of 
fflulty maliiii;i Imt wih ttr ikimI |nr llifrv drills 
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Fonnkfl; the Tool-Steel Contact Roller on Three Acme 4'SpiJidIe Sciev/ Machines 

Tbt ntfta in Ih? miflillc in piokinj; \i\v ^i^iiirrmu f'tpi^rrt aftff drfaing (h'^m oti Ihc fwrvy gjiniift Ht tl>c 

tctnaru Irft; tlib vmrk iliift iiul U'Ltft^ to tii*' ivJuiintilHlur J»ti TIio IMmri ilrlU prw Qt ihc 

rishl i« worktni; on (^nllmia V nml 9 un lli« mniart rntlrr 

Operation 0, Flatten spring-tail wlUi Ljiiid-liariimcr> Ojjcrulioii i\ 
h due to faulty castinKfi. No lim<? Is piveu. 

Operation 7, Drill one hole, *A* dtniuctcn Burkv drill prtss. 
OjK'ratioii 8, Fik% Fonl mhiry fitr. I*ngc '341, 

Contact Rollkr, Tf>oi^ST!:i:i.. T-ti73 
Operation 1. Form on three Acme four-j^piudlc screw niEcluno5; 

time for one roller. S7 seconds. Shown abovCi 

0]>erali(jn 2. Iteiim, Bairnes ilrill press; lunt\ fl srronds- 
Operation 3. Burr, Barnes drill pros*; time, id seconds. Sw tlic 

illuslratiun above. Barnes drill press at right, 

OjKTntiun 4. Harden. Time of operation 4, 15 minutes to luirden 

7.^ rullers. The n>ller and mller-pin K^irdening nml leni[>ering are 

briefly specified in the early part of this article. Furnace heat, J400 

degrees F, Sec page 245. 

Operations. Temper in oil batJu eonsLant heat, 40Q degrees F-; 

time, 20 minutes to temper 900. Same illustration. 
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OperaUon 6. Grind on two Landis grinding machines, on arbor; 
time, 2* seconds, each roller. See page 246. 

Roller-Pin, T-675, Tool-Steel 

Operation 1. Cut off, on Acme automatic screw machine; time, 

10 seconds- 
There are three men in the screw-machine department of the com* 

mutator job. All the screw maeliines are automatic. See page S43. 
Operation g. Drill one cross-hole with No. 50 drill, Allen drill 

press; time, 11 seconds. 
Operation 3. Burr. 
Operation 4. Harden. 
Operation 5, Temper in oil. Sec the illustration on page 245* 

lor these three operations, 3, 4 and 5. 

Clevis Pin, T-476 

Operation !• Cut off and bore one end. Acme screw machine; 
time, 16 seconds. 

Operation 2. Countersink the other end. Allen drill press; tiip.e, 
10 seconds. 

Roller-Pin Locking Pin, T-C76 

Operation 1. Cut to length from wire coil, on automatic wire- 
cutting machine; tinic, 208,000 pins cut off in 8 hours. 

COMMUTATOR-ROLLEH AND ClEVIS-PiN AS-SEMBLY, T-4474 

Operation 1. Fit one T-(i75 pin in one T-673 roller. 

Operation 2. Assemble one T-(i72 clevis and one T-<)73 roller with 
one T-675 pin to match up holes in T-07^ and T-C75- 

Operation 3, Place and rivet one T-^7G pin to complete assembly 
T-4474. 

Commutator Rotor Assembly, T'4481 

Operation 1. Assentble one roller, T-4474 and arm assembly with 
one rotor hub, T^44C, and one clevis pin, T^7C, and rivet. 

Operation 2. Line up roller and adjust. 

Operation 3. Assemble witli spring, T-t69, to complete T-4481, 

Operation 4. Inspect, See page 247. 

These assembling and inspecting operations are made on the long 
metal-covered beuch» marked ''Assemble T-4474 and T-4481/* page 248, 
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floor plan> beginning at the south end and tending with the inspection 
bin^ at the north end. The itlustmlioa on pngt? "247 h a view ol the 
north end of this a.'tsembling bench, vdxh inspection binn !n fore-ground. 
Inspectors arc taken away to give a view down the I>cnch, looking »outh. 

Co^rhfUTATOR DiaWiSEMllLING 



In this 
»as, T- 
is a For! machine (or pulling the 



See page 435. Many wnrn-oijt rommulalors nrc luindhvl. 
picture tbe loftdmnd man. on Ford machine, i« unscrewing hcv-ii 
47ii, and taking out contat-Ls. V 
fiber ring, T-4447, out of the ease. 
The visfis for (general repair wurk- 

Thc reader, tetilmieal or non- 
tecJinicji,!, who has looked Uirou^'ii 
this Ford conimutalnr story will 
find it difRcult to beheve that r>n 
men can produce 1 ,7it) Ford 
commutators in one S-hour day 
— 16 minutes and 47 sf-coiids of 
one man'^ time pnxlueing one 
complete coumiutator, including 
the case founding; luid the un- 
derlying factors of this surpriE^in^ 
efficiency should undoubtedly hi- 
displayed in detail. 

Huw FoKD Snoi-M Makk a Com- 
mutator IN l(i Minutes AND ^7 
Seconds of One Man's Tuie 

(1) By minutely ^tubdividing 
It .> rnt ill Roller and Roller-Pin Hardening and 

hiboruperations. Th<--uaualstop, Tempering Plaai; Ford CoastrucUott 

watch time of each operation is 

given, and can be referred to by the reader in connection wilh llic 
picLurLS Ihiil show (he o|R'raliun iKTformauccji. Some of the oj)era- 
tiuns are done in as little as 4 seconds of time, Many of tlie operalions 
are the work of automatic tools^ 

Minule ilivinion of operations is rfleclive in labor-eost lethirlng in 
two ways: first by making the workumii exlR^-mety skilttuK ko tJiat he 
does his pari with no necfile^ss motions^ and si^condly by truining him to 
perform his unvaried o|>eration witJi the lea^sf, possible cxpniditurc of 
will-power, arul hence with tlie le;ifit brain fatigiie. 
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(2) Tlie work litmrs are short. 4 hours iit a slrctch only, so ilrxl 
workmen in good fnmi can^ and do. stand iii their tracks, working with 
the regular production of an automatic niaehiue. 

(3) Work -slides, succt-ssivu-oju'mtioii men aiitl suetvssivp-opera- 
liou tools mid appliances, are so pl^iced that one mim drops a piece 
when his part is done, cither where it is ready to the next nmn's 
hand or where the gra\"ity work-slide will carr>' the piece to the next 

niaiiVs readv ren< Ii. 

{+) Placiii)* the case fouudry 
on the machine floor, close to the 
machine i*Mil*i, is a verj' great 
linic-siivi_T Not only is tlieroujfh- 
(r:isc supply thus made certain, 
hut the castings arc perfectly 
nunildcil and <'oim- lo the nnishers 
in hest possible form, with least 
possible thought, travel, and 
lalior. both of the Iicad and the 
worknifH- 

(5) AL operations requiring 
heat, melting, annealing, harrlen* 
ing and tempering, are per- 
formed in fumaees so located, 
and so grouped where mure 
than one heatirtg is mx-dfiih as 
to Have all {)osHit.ile time expen- 
diture. 

(It) While the machine tools 
used are all regular eommen-ijil 
prodmlions, the fixture* used with them are m<wrt elaborate, care- 
fully designed to »ave mowmenls as far as may lie, and an^ well 
made, so that the workman need cxercJdc no care or scrutiny in opera- 
ting iind working theiri. 

(7) In three instances the lipecial tools and fixtures used are un- 
usual: the two turret machines which produce T-67I have been so in- 
gi'Tiiously <hang<-d a.s lo produce nioiv than doiihir flu- work thai could 
hv turned out by onhnary haiulling «f a tornH. iiuu-hjite, ns dvMTib^-d iu 
detail herein. 

The three-spmdie drilling head, also fully shown, is a marked timc- 
aaver. 




Operation 6 on Grinding tlie Roller Cir- 
cumference 

Tvo t^ndiH fHiiiiiTF* ffltb ndtw on the ftpbof 
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North End of the Assembling Bench, Showing General View of the Machine Floor 
South of die Anncftline Furnace. Inspection Bids in Front 

The conlacl-scat milling and drilling fixture is very clever, and 
cnnhles twelve cuts to be mnde in the coniniiitatijr case and insulation 
rinjj with jn^at rapidity, and perfectly to jynu^^c, su long \\& the mill which 
makes the blinking cut in the fiber insuhUioii remnins »hurp. The life 
of this mill is very short; the fiber la htird to cut und the milMiamcter 
niUFil always be nearly the sauii^ llK'se rnlllfl oHfu work ouly one hour 
for onw ^riTiding, mid cnn bo ground only n few times before they 
bi^oine too suuill in diameter. This fixture is fully shown> 

(8) Constant suj>ervi>«ion of workmen, eonnl^nl work inspection, 
nnd constant watching of tool-euts by the two tool-setters, give skilled 
overlooking to the work of every man on the commutator job. JIany 
of IIk' riiarliine hands though not regular machinists, nre highly nkllL-d 
nnd grind and set their own tools. Every workman ii perfectly aware 
that he is under oonBtant observation, and that he will be aibnonishcHl 
if he falU below the fast pace of tic department. 









I.-' -KG? 



^ ?? 



3 

I 

u 



I 

-SI 

I 8 



s 



I 



I 






I 



248 



COMMUTATOR WlODUCTlON AND ASSEMBl 



(9) An automatic drill chuck, the "Gronkvist," can be handled more 
rapidly than anything ever seen previously by me, and saves much time. 

(10) The workmen are suitable for the performance of their 
operations, and for their enviromnent and worlung conditions. They 
are docile, and yet the physiologist will seek in vain for weak chins and 
narrow heads in the portraits of these workers, who are, without excep- 
tion, mentally capable of concentration and determined effort, having 
well defined, firm chins, wide jaws, and wide heads. 

After reading the foregoing summary of Ford labor-cost reducing 
elements, the Commutator Department Head asserted its correctness, 
but added as follows: 

"I depend largely on my tool-setters for my production. The tool- 
setters know exactly what I want, and as long as the tool-setters have 
plenty of newly-sharpened toois on hand, all ready to go into the ma- 
chines as soon as tools in use show loss of smooth-cutting edge, I liave no 
trouble in keeping my production up to the 1750 per 8-huu.rs mark- 
But if there is even a very small delay in replacing a cutting tool which 
does not work exactly right, trouble begins. " 

Undoubtedly this post-script is of first importance in thi:s 10 min-* 
utes and 27 seconds achievement. 

The commutator job is regarded by the Ford shop heads as bein 
in as nearly satisfactory condition as any department of the entire plant* 
and the low labor-costs therein reached fully warrant the minutely 
tailed and profusely illustrated story here printed. 

EXPLANATION OF DIAGRAM ON OPPOSITE PAGE 

Figures without endoamg circle are operation numben. 

Letter '*M" niv} figure inside of a single circle mean "machine" of the number given in ItJIrminK list 
"nie double-) ine circles mean mAchinc tools, and figures in^de cd double tine circles are the^p^^TatiuD nMm 
of the operation performed on that machine^ 
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1— No. 4 Wamer St Swasey. 

ft— No. 3 Grcnerd Arbor Proa. 

»— Auto Tapper. 

4 — PI Feiracutc Punch Press. 

ft— Allen Single Spindle Drill Press, 

6 — No. 1 Warner k Swaaey. 

7— Ford Slock Kn. 

8— No, « Pratt k Whitney Hand 
Miller. 

9— No. S Blount Column Grinder. 
10— Ford Melting Pot, 
11— No. 4 Wamer & Swasw, 
la. IS, 14— No. e Pratt & Whitney 

Hand Miller, 
IS— PoDle-Buri Three Spindle Drill. 
10— Ford Stock Box. 
17— MrHl<:l E llerluhirfl Hand 

Ift— 'Nil * WurnJ^f & Swnspy, 
19, tt— Funl Nut TtKhtener. 



il— Ford Fiber Puller. 
2«— 15' Bamea Drill Prcai. 

£3, £4— Allen Single Spindle Drill. 
as» gfi— Ford Nut Tightener. 
ftT—Langelier Seufiilive Drill. 
2B— No, 1 BurLe Bench Drill. 
E9— Ford Hotary S^e. 
80 — Pridemore Boclcover MoultUng 

Machine- 
Si, sa. M— 14' X r Heed Engine 

lAthe. 
34— Leiand-Gifford SensiliTe Drill. 
35— No. E Piatt k Whitney Hand 

Miller. 
36, 37— No. 1 Kngle Snndle AUeii 

Drill. 
39— No. a Two Sf«ndl4* Allen Util. 
SO, 40— Ml.. 9 Prtll k Whitney 

!land Mill.'r. 
41— Nu. 403 loduatriij Funukccn 



44, 43—14' 1 e' Rft>d Eiuine 
lithe. ^ 

44— No. « Pratt k Wbl 
Hand Miller. 

46— Ford Tumbler. 

46— Special Cutnuel Drill. 

47— WiaBeld Electric WeUer, 

49. 40 - No 2 Wjiracr k SwMey, 

51)— No. iirpwD k Eharp An 
SerL'W Macliioc. 

51, 5«— Vri. 54 Aii^n Scre» 
rliinr*. 

53 — No, 57 Auto Scrrw Machine, 

54— No. 53AultjRcn.H Miw^'liine. 

5fi-15' Ilflfuw Drill Prraa. 

56— No, i Givfirrd KrUnr PrcM. 

iT — Nij. 1 IjLnd'LK Plain tirindcr. 

AH— Ford fhl DrBwinff l-'uniaf*, 

5ft"Ford Qvertohine Tank. 

W— Poni GaJi FumfttT. 




Chapter IX 
SHEET-METAL WORK 

IT is a characteristic feature of Ford practice that if there is anything 
to be done, it must be done in the quickest and easiest way con- 
sistent with good work. Even in the smallest details this most 
important underlying common-sense principle of true efficiency is 
found. 

It was not until the beginning of 1914 that the Ford engineers 
became fully aware of the very great saving in labor cost which could 
be had by the avoidance of shop-floor transportation of pai-ts in the 
process of finishing, but at the time of this writing, February 1, 1915, 
the unportance of short lines of work in progress and in travel, and <A 
starting the travel at the best place, and delivering it at the best place, 
is fully comprehended. 

No end of thought has been given to the placing of all tools or ap- 
pliances in the best possible position. Instead of putting a battel^ 
of presses, or washing machines, or drying ovens by themselves, and 
carrying the work in progress to them, it has been found that the 
working time for the full process can be very materially reduced by 
gTxiuping all the machines, tanks, drying ovens, tables, and trays into 
as small a space as possible consistent with the necessary "elbow 
room-" 

Even such a detail as "cleaning stock" has not been treated with 
the usual superficial "lick and promise" process found in other shops, 
but special machines have been devised which will perform this work 
well and quickly* 

For instance, a very good example of the completeness and value of 
such grouping is to be found in the Ford running-board manufacturing 
process. 

Placed juat to the east of the main crane-way in the general machine 
shop, where the sheet-steel stock can be easily deUvered, this depart- 
ment occupies a space of approximately 1,200 square feet 

051 
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How TiiK Ford Metal IttmNiNn Roards Arf Made 

The steel U delivered in rectangular blanks of the required size, and 
15 first passed through the cleaning machine seen in the foreground 
below. An cndles.s-t:liain conv^'or in thr tabic carrier Iho stock 
under a wire brush which cleans the surface tliuruughly and prepares it 
for rolling* As it comes out on the olhcr side, it is Iriuisfcrrcd to ft 
nipping prcs8, where the two enleriog comers are clipped off, passing 




Special Ford Design Steel Stock-Cloaning Machine fiquqiped with Revdving Wire 
Dru&h &ud Endless-Chain Conveyor 

thereafter ttirough six sets of rollers which emboss two parallel bends 
oai the surface, tiini up tlie edges, and flattrn thr mrf al at;ainst il*tf'lf in 
Buch a way as to form a strong rectanguhir reinforcement along the e<lges. 

During t]iis process the metal and rollers are constantly flooded with 
soda water, tthirh is pumped up and over the work by a rcntrifugal 
pump dnvciL from the main niulor shaft above. 

The rolling mneliiiic jusl described stondsat right angles to and about 
four feet to the west of a large drawing press. whi<4i performs vrith one 
stroke the next two operatioiiji, those of embobsiiig tlie surface and pcr- 
foralin^ eight holes in the body of the running board. The trade mark 
name '*Ford" is carried in the central part of this embossing die. 




Rolling the Ford Runxung BoAfd 

At the \vh of tlic iippiT [lii'liLfr- i> th^iLVTi lln' Ijirp' fih^i^ in Hlirfi ihr flnnT ATilihllif Uid ctrImu- 

IDfloprntiLin in prrTurQifrd. The luurr pioturv sli'mv tlii.' olhci aklv of ilii.- largv praH^ 

oud tbv vulruiw U ttic BUkcilce Kli-Foa) AiitvamLk «ik^iu)j uimUoc 
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Clipping 00 the Comers of ilie Running Board Dlaok Preparatory to Fe^dlne it 

into tbe Rolls 



So close are the rollers to tliis press that tlie workman who handl€sj 
Uic job needs only lo turn sli^rlitly from one to the other. 

A nielal lahle set. in Ihc spaee directly in front of thi^ rnllers reeeivcji 
the work waLst high, so that there is »u necessity for ^^lou{>Lng or taking 
any unnecessary steps. 

Immediately after the drawing operation, another man, standing 
mi the opposite side of the pn*?«;«, wllhilraws the iKmnl and !ri:(erl> It inio 
llie north end of «. selF-fi^ed uutumatic ^vii^liiTig maehiiie^ equipped wilh 
an endless-elm in conveyor which carries it through boiling water and 
si earn, thoroughly cleaning it and heating it. so thai it is practically drj' 
ivhen it reiiches the other enil nf its ^^.l-foot I ravel. 

Approximately two miiiutcjs are a-quired for llie board to go through 
the rollers, press, and washer. 

It is then tiikcn out, ^l^teked up, and allowed lo dry on a rack. It is 
now ready for eimmelhig. fh^n^ sigiiin. Ford effieieney is evident. 

Iiu>tetid of carrying the nutal to .-ui enameling oven, the ^'mountain 
cnmes to Mahomet/' The first drying oven is only the length of a 
running hoanl away, so that hy filling the bo.ard up sliglilly it is within 
the reach of another man sttandlng in front of the enanieliog tank. 




SHEET-METAL WORK 
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This man stacks the boards on end in the tank, inserts a special handle 
in one of the perforated holes, and passes it over to another man who 
completely immerses the board in the enameling liquid, and immediately 
after hangs It to drj' on a cross rod of a double traveling-chain traversing 
a draining room set parallel to the washing machine. 

It takes approximately 45 minutes to complete its journey through 
this draining and drj'ing enclosure. Twenty-four boards are hung on 
each cross bar. Placed at the north end of this drying box, and setting 
at right angles to it, is one of the new vertical Ford japanning ovens, 
equipped with a patented enclose d-fl am e burner. As will be seen in the 
illustration, the desired baking travel is secured, a great saving of floor 
space effected, by the introduction of this new style oven. So practical 
and so efficient have these ovens been found, that they are rapidly 
displacing the old tj'pes throughout the Ford factory. 

Only one man is required to transfer the running boards from the 
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Gas Burner for Japanning Ovens 

Mailc by Ovon Equipmpnl & Mfp. Co. Parti of burner: \. main air cook; 3. main ^jas cock: 3. ffasMwiitrol 
r<M'ki 4, flir-nmlr'tl ciK'k; 5, upper burner ga^ shut-uff cock; C^ automatic rul-offvnlvc for ^as: 7, lighter cock; 
S, mala air union; 9, main ga^ union; lO.air-mivturc union; 11, lowvr mam air union; 1!^, autumalic volve 
air union; \A. ^^niralor p'lpt-. 1-4. sidemr pi|M- and Imrk <:onne«?lion; 15, front head; IG, hack bead; IT, cap 
pereihb; 18. j^rneratur an<l air-piire i-ollar; ID, peep-hole cover; ^Q, main air reducing tee; 41, mam aireli; 
SS, main air 4,'> de^rev^ ell; ^3, ga^-humer ^lls; ^4, g»is- burner tee; 95, gas-burner pipes; Hi. int<'mal air pipe; 
!f7. air cap and Ihilts; £8, air-cap lu^ and serews; 29, lateral ells (short clla now being u^cd); S0» Kteral 
beat-diatribution pipes; 31, generator support and hrat-dislributing Icea; 3€, miiture lee; 33, main ga«- 
■upply ell; 3*, gas-supply Jighter cock tee; 35, air-mist ure 45 degrees ell; 30, Mr-mixture ell; 37, ^r-prcsaure 

gauge and coanections to main air fupe 
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FOHD METHODa AND THE FORD SHOPS 



dripping and dr>*inff enclosun? to an upwurd-movin^ ciidloss-chniD con- 
veyor Iniversing tlic bilking oven. Twcuty-four nitnules aflcr, Oiey 
aK- fxtrncl<"d \ty a mini uii IIht ollit-r side rriUrely tini^fK-d, n"ii*ly ftjr 
trnnsportntioii lo ttie ih\ni lluur, where tlie step bolU luid under blocks 
are added. 

Tliu3 it will be seen Ibat wliat might be a long, tedious process Las 

bit^ri I'liiulflisi'il iiiln :i t-<iiri|KU-[ , r<MiEiriiloiK, riTir-ir'nl [Hotivs'i, ryiiiiirifilf 




The Eaflineliitg Tank, Drying Enclosure and Vertical Enameling Ofei) 

rpn Ihc fynvryor in ihr tlrwjiing and hakibi; iivtiDM, nt^ nHumoiI t» ihr'ir iiutJJil ;]t.nllJDji nviljr for u» 
uriiiin- 'l^it^ riui[rki>linjc tuok ifttvre tbown cuvtrnt. \Micti tbii tlfputmunt u in npf-nlictn, ihu cover ■ 

pllllnl lip *Hll 'if Ihr Wii/ 

tJic services of only a total of eleven nien^ inclmling a (oreinnn, a »ul>- 
forcnmji, and nine workmen U> complete !2,500 pieces every eight hours. 
Such L-^ iMird efficiency. 

The Front-Tendeh Job 

The Ford front fender is nmde up of seven parts — ^llic peak, the body, 
the apron, tbc ribbon, two pieces of wire, and the fender bracket. 

Making the Fender Peak 

Starting with stcvl which is rcjilly scrap from tlie fender I>ody 
operation, operutor No. 1 blocks out the general farm of the fender 




SHKirr-MBTAL WORK 
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pealcf *' V"*ing one ctlge nraily for the wiring opcralion pt-rfonncd laler. 
Tills work is Jon*.- at ouc stroke in aB ordinary punch pross, und prosciits 
no uiiusua] fcutures. 

A waidl-liigli pt'dt-'alal tray at the workiiiiiii's left haiid receives Uiesc 
blanks, from which Uiey arc hikcu by a second ni;ni ivlio j)«^rforni« iJic 
set?ond operation, that of turning up one side and bending do^^n the 
other. Operator No. 3 in turn removes them from a shnilar tray and 
by ins^nlin^ ihem into anotlier pn^ss Uend.^ tlie wiring edgi\H .still fiirtJier 
around. 

They are now ready for wiring. This is done in a special Ford 
wirr-rollinff machine. The peak is then ikiivcred to another press 
ulicn.' thf wiring edge is beni ovey so as to form a slioulder, and aiioUicr 
insertion in a Gimilar press flatterus 



this cd^e and finishes tJic jKak, 
afttT i^hicli it. aknig with othrr 
stamped part^. i^ throwu upon the 
belt conveyor running in an east- 
erly direction between the p^(■>^*^. 
From tills it h picked off by a 
sorter ut the proper point, piled in 
row:*, antl conveyed to tlie fourth 
floor, where the finni assembly of 
fro?it fender* is effected- 

Thi:* department employsseven 
men and Ims a capacity of 2,500 fenders cverj' eight hours- Shifts 
work from 7 a. m. to 3,30 p. hl, and from 3.40 p. m. to 12.10 a. m. 

The FF>mKR KinitoN 

Starting as a ribbon of steel, from a coil at the end of a ribbon roller, 
the nietjil com|M>sing the fender ribbon passes through six sets of roUcn*, 
which in one continuous operation form it into its finislied shape, as 
shown by the section illustrated. 

By meant* of an automatic stop of special Ford design, co-actiiii^ with 
a punch press, this steel is cut off in required len^-ths and deposited in a 
metal box from whidi it is picket! out and placed on hand trucks for 
transportation to the Ford ribbou-bemling machine, which sets just to 
the west of the ribbon roller. This ribbon-rolling machine is made to 
lake two ribbons at once, and by the use of two punch presses one set 
can be cut for Ibe front fender and one for Uie rear. 

The luanuer iu which the ribboa is rolled into shape is uaic[ue. 




Section of Fender Rjbbon Produced by 
the Ribboa-RoUijif Maclune 




Two Views of the Foid Fender Departiueut 

the frDiJrr npffHL Juil b«yirni|. with thr*r tmrtui to%»aPtt l!i.- cririnni. nri» iwn H(«^ani-h opcnklinH UiC 

Vh^Lctfin U9 tit^U^mng tl>r- prak atir) hprnb mi'l frr.ik -inil nhhinii tof>HbFf 

lln- liiMrr til-* >lm«'> tb'ulh^r kii1ii<d iht frnilrril'rrB'Ini^'iil- Tbr lur^c (>»«* hi iLrtpTl oiU br rccwDJml 
u Ihp tAiDo 'mo th'kvn nn Ttw ni^tit nf Ibv upper ptrlurc. Id ihr f urr^raunil, 90 liia Boer. uuI laiiun< U|> 
■KnlDvr Ihi- Lrtic-h. will br kfx-n tvtu ti««i uf Ihir rihbnq, i>ntlc u>d apruO- On tb# bwfc «t Uia t^Tl b « 
llnUlivil (iTiElfT IhvIj', wtnk ini iKi' nnr in Ihr rrtiTrr, 4iTWlly m frcn^l if lh^ w^rlilrf. ii an unfini^h^ Jnb 

ibifViDg ihe bproQ pArtiollj' tju-lcnl Ut ihu builx rr«dj fur trwidirif 
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Showing One End of Ute Ribbou-KulUcg Mitdiitic 




Tb« OEh«r Etid uE the Rdiboa*<RolUng Machine, SLuwii]^ Cuiiia^-OH Ranches 
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FORD METnOI>S AND T11E FORD SHOPS 



Heiv again Ford iiigcnuity <is»crts itscU. Nut ^ti»ficd with the old 
tJn-^op mc^tiiods of huiid-shapiJiji:, Ford cii^iiioct% hiive dc^'i^ed a very 
clever mid ingenious conibiijuliou of rollers and levers, which accom- 
plisli ttir ix-quiTcd ri'sult quickly' and dimply. 

A^ will bo seen from the photugmjjh, the metal is fed into two sets 
of two pairs, riglit and left. The operator, by tLrowin^ up two cam- 
operating levers, pulls do^n two tbrougb^bolt-s which grip the metal 
tiglillv. By mfiviiig lltt* Urgelcv*^', he brings Ihej-f't-t-nlrif-ntiiimfnl hip 




TUe Ribbon-Bending Machine 

Tbc roll* oirrinl uu UipU()[c "L"' l^^t;! luve jiul vlMtnl uu llidt duvru«anl witne 

rollers down into position aRainst the motah Tho power is then turned 
on and the top roller, which is carried on a l."-shaped lever and compelled 
to follow a circtle wliuse radius as thr width of the nblioii greiiler tbati 
the fouiidutjon «ej^meiit beneath, Wnds the iiieUd in Hi^^»rdance with 
Uie required form. By limiting the travel under this roller earr^'inif 
arm, or altering the position of the guide stops, the machine can. of 
rour.'ie, be made to put litis l>end in any portion of the ribbon de^red. 
A macliine of like constnielion in therefore used for the rear-fender rib- 
bon, which owing 1o its sliKhtly rliffcreni shnije require?* a differtmt liend- 
Thes4* two nmcliincs practically do all ihe i^ork ami but two men 
are neudcfl in this department, one for tendinfi the ribbon-roIUng aia^ 
chine, the other for operating the l>cnding machine. 




Die Csed for Blanking and NoTcliing Operation 

Oprratloa No 1. ff^ml TrMlrr Ik^I} , \^ i-i^it vt imnrh uU'*A A.llfi ]h.. l>Z Jir jUiul 0.300 1b^ ,Ml puudi 
ood die i«tlu(hi. ffuiJe pou hdiI euiil«-pia bua1iinf> niv uf Uul alfcl. banknni anil fiuiiaij 
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Special Ford -De signed Bracket Di« for Bliss Press 

A v]?V(*r ftrTDDgcmiiit by which w,a cxl«aiiua bmck^^t ilit* t> tunAc to pn>d[j» a duubk^-arliuri vfTvL-t, staving 
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TonD MTiTTrnw ysxt tite ford sHOPa 



The ribbon-roUinjj niacbitic has a rapacity of 36 feet per niinutc, and 
occiipieil a floorspacTof 1.405 MjiiArc rf.-L*l. including storngc nicks. The 
beiicliii;< machine will liantllc two scH^f of nj;ljt arnj left rihbou at each 
opcralion, and has u capacity of ^,800 pieces per 8-liour day. 

Only a smiili amount of space in the aoKrallcd bridge between the 
Dew and old buihlin^ i^ iKx-upied by tlicae two jiiacbifie:^, and because 
lliey are only slit^hlly removed from Xh^ fender assembly, the product 
enu be quickly dellvcre<l where nccrled- 

Thk Pkont Fkvdrr Body 

The blnnkfl for the front fender body are cut and notched on one of 
the lar^ presses in the genrral machine shop, and aflerwar<U earrietl 

lo the fendtT dLi*arlment on the 
fourth floor, where they arc pbccd 
ia piles on llic floor at the left of 
\\\v workman who ujK*nk1cs a 
press on winch the next two oper- 
ations arc pei-fonned. The first 
forms a bea<l following the outline 
of llip piecv, lurns up tJie edges> 
and perforates five holes. Ad soon 
a^ thi^ operation has been com* 
pitted the workman standing on 
the oppojiito side inserts the end of 




Phocograpb bhowing Three Successive 
Operation;; on the Fender Aproa 



the fender body under an extension arm press shown in illustration* 
which HOSTS up ttic fender at the next stroke of the press, 

Tiic niauner in which the part is handled, wnd the elTcct produced, art! 
clearly shown m the photoj^raph. 

The tliird workman now takes the fender off the tabic and trucks it 
lo tin* ft'iidiT usHcnd)ly niom. Here (wo pieees artf »pot-weIdcd on the 
surface, one as a reinforcement for the running board, the other to 
sLrenijthen the metal around the holes cut for the bracket rivets. These 
two spot welders arc mounf(*<l nn (he same bench ami art* so close fti- 
gethcr that the work can be passed from one man to another without 
any stooping or niovinp; from their working pcxsition. 

A tabic at the ri^ht hand of the Inst wridcr holds the work nnlil it is 
pit'ked up by the ojieralur of a press. whit*h hivaks the e<lgcs diiwn and 
folds them fif^miist tlie main body of the metal. At this man'ii right 
hand is a tabic, knee-high, on wtiich he, in turn* deposits the part. Il 
is then picked up and put through mils which crimp the eflge ready to 
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Jniii Willi parls of the fender, Thw lust operation, called edging, also 
forms the fenrler body to shM)>e. 

Il iJ^ now ready to take Us part in llic fl*8cmbly operation, 

Thk FexdiuK Apron 

Like the fender bodj\ the metul for tlie fender apron is first blanked 
Id slmi)e on a regulation draw pre^:* in the nmin machine 5hop. put 
Uirougli Ji :stvun<l pnvsj^ whiili tun;s up one edg«^ and another down, ami 
embosses a ImTigutar reinforeement l^eaU following tlie outline of the 
piece edge. 

Il is then earned to the first set of rollers in Ihe fender-R-ssembty 
room, where the edges are i)ut 
through ft special set of rollei^s 
which prepare them for wiring, 
whieh \s done on two rolling ma- 
ebineo, 

Tlie next optn-ntion breaks the 

cd^e for attac-hmcnt to the body. 
Progn^'ss tlu-ough another set of 
roth fini>he8lh!:«<j|K:ra t ion, put tiiii; 
on a shoulder by bending the nictal 
until it is prnetieally ut right an- 
glos to the face. A nMnforfx-tiient 
plate is next spot-wehled to the 
lower endr after which the part U 
put on a hig!i tabic at the left of 
a. welder, wlin ferds it right iuto a press wIucIj "breaks down" the 
edge into pro[>er ^IiJipe for fitting to the bodj". 
This part h tlicn rcadj' for assembly. 

The Fender Bhacket 

The fender bracket is nia<!e in three operations. The fSrst blanks 
it out and perforates it; tlie second, which is a forming operation over 
a speeial die. draws the central projecting section; the third perforates 
the rivet holes. 

How THE Front Fender ih A^isembled 

The fender ribbon, the fender peak, and feniler aprcm are now 
brought tr*gctheT. The ribbon is electrically weldcrl lo Hie pe«k and 
tlirowD on to a verlieal frame, from which it is taken off by a workman 
who spot'Wclds the apron on the other side of the peak. 




The spot-Welded Reinforcement on One 
Comei of Ulc Fender Apron 
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rmu> uRTHODs AND Tne ford ftnof-a 




Thr nrxt op<.Talion is characlcrizoil as "larking the apron to the 
body,'* and is diMit* cut n henrh l»y IimjkI, With Ihe uid of two jjlytr* 
and u hammer, a small portion of the e<iges of llie fentler body and apron 
tkTv united. The M'ork is then seized by another woi'kman who runs 
thr work throiij^li a ronipre-ssing roller winrh "iTPJids dowii'* the jointi, 
Briiily uniting the body, ribbon, peak, and apron. The fender is then 
dropped lo the floor and shoved along lo a man operating a hand break- 
ing nmrbinr on a long bench nearby, Ilf^rr the running-board end of 
the fender Is '^broken," that is bent at the necessary angle for attac4i- 
ment to the running board. 

AVorking directly opiio^ile on tlie same benc!i are a numljcr of men. 
who with rruitlrl. hnnnnr-r, znul Irrnplel ligliieii np the J4>intA, and with 

a liaimiier bend tlie apron and 
body to shape and draw up tUc job 
to n'quirf-il templet form. 

ITpon being adjudged satisfac- 
torily formed, it is next depoaitcd 
on a belt conveyor, passing be* 
I ween two men who count the 
fenders as tJiey go by, and is taken 
off at the end and piled on a tabic 
ready for the addition of the 
bracket which goes underneath. 
This operation is performed by three men. The first man puts in 
the three rivets; tlie second fitt* the bracket and riv**t-retaincr clamping 
jig» ishovliig the wurk jktoj*** tlie tuble to a man operating a riveter wliieh 
finishes the job. 

The work is delivered on the left to a knee-high tabic from which it 
i* trannfi'n^^l by anollier man, aflrr sanditig and cleaning, to a truck. 
It is now ready lo be taken to the glass-enelosed enameling room, which 
is only a few feet away. Here it is dipped and hung on on endless 
niox'ing chain whicJi carries it Ihroiigh a baking oven, dipped again^ 
liung on the same conveyor, an^I finally delivered In a Eni^ied cooditioii 
at the other end, ready for crating or assembly. 

An example has been made of the front fender because in its manu- 
faetun^ a miniber of ingenious machines have be**n used, which have very 
materially iiimpiified the work and improved the character of this hard* 
to-makc, irregular producrl. Bent or formed shect-mctal work is diffi- 
cult to do. and fu-quenlly required many makeshifts and hand opera- 
tions to bring it to its final fuiished 9;hai>e, The attention of the reader 



The Fourth and Sixth Operations Show- 
ing How the Fender Hd^ is "Brok- 
en Down" 
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Still Another View of the Feadei Department 

ThU |ili(r(jr4rraph vm talcto still furthn ti> ihr l^-fl xaA rihow?. iIil- in'cutJjii; r^illL-rt. tlir AnuhiDfi benrhn aaj 

ihr mill<')<« Ik'U niiiii'jtvi, wliii'h rntii('%lhc fmnU'r luirk la llir ciitluf I hi- dHHit wUecir IIie- 1>^m'ki:E> 

uv rit^Lrd ud, At tlirntrfiiw t^fhl iuaj Lusc^d (jiv wlijlc iTitlli i^ thr t^numrlm^ fimm 

is tlw^reforc called to tJi« absence of Kami operations nnd the manner in 
wliich powrr-clriven ntncliine'i have Ix^n snhslihit^^rl fur clumsy hand 
methods. Tlie special ribbon^rolling machine, the hending macliine, tlie 
manner m which the parts arc wired, the joining in the final assembly, 
all show deaily the cnonnoiis amount of lime and money that hav^^bccn 
spent by llie Ford Motor Company In solving these problems. They 
have standardized the product bo that, they are able not only to control 
the accuracj' of all Ibc opcraliona, thereby making fenders which arc ab- 
solutely intureliaiigeable. but they have made the pro(_-e5S euntiuucni?t 
and tliercfore easily controlled, 

The placing of spot welders, rolling macliincs. power presses, and 
hand hammering bciiclira at the proper phiccs in the prorcas line, have 
60 cut down the lime rt^qiiin-'d ihiil ihey arc iibic to produce, under 
nonnal conditions, more than i^OO front fenders per day, or 50 fenders 
to a man, a most unusual :fhowing when the dillictjlt character of the 
work 18 nmsi<K'red< 

Three b^TEnESTiXG Drawn Jodb 

Alfliough there are imnimerable interesting metal-forming jobs per- 
formed in the Ford factor>% vvhicli would no doubt pruv(? interestuig to 
the readers o( the literature of metal working space, limitations have 
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FOnn METHODS AND THE FORD RHOPB 




Blanking Opeitttion of the Steenng-Colunui Flaii^ 

led mc to confine myself to three rather unusual ones, namely* the Fonn- 
ing of Ibc steering-gear quarfrant, tJie nteering-gcar column flange, and 
tlie fttJi-IjcU pullry, 

Thk Stberinc-Oeah Q(MDHANT 

TIh' slt-fTiTig-gi-ar fjuiulrani is that pierr f*F nirtnl wlik'li will he found 
fa^tvuL'd to the sleeriui? jiost just under the sUvriug whcvl, the part 
upon whit-h the throttle and apark levers rest. 

A3 will be seen in the picture on page 268 it is of irreguliir outUnc, 
eoiilaiiiing thret* liiilr^. The muiiner in which ihin inlerL-^itiu^ \niT\ is 
formed i-s ns follows: 

After sliearing the Mock to size. i1 is put inton D, A. G. pre*s, which 
in one operation hlnuks and drnw.s the metal inl/t ni«igh Aliap«*. It is 
then transferred to another press wliieh draws the projection ^till deepen 
pullin;* the aides in. On the third draw the penfral form is flni^shed, 
an<l the hoUoni perforated. It in next trimmed ouL^ide on another 
pre^. after whit-h tlie two slot^ are perforated. 

The bumc nrr tlieu ground oil and the face polished on a rag whe^l 
dretwicil with cmer>\*iIttT which the teeth arc cmljosriKxl by the stroke 
of another pnrsa. 



ftlTKET-METAL WORK 
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Tliis last operation also turns up the two projc^'tions on each side 
of the qiinfimnl ami S'^'**^ ^1'** pitcc its filial form, nUrv which H i^ 
iviuly for coii\'t*yantM? lo Ihc ylttTiUH-goar doparlinciit, where it is 
pitttcil and Ijrazcd unto the column. 

As now manufactured in the Ford niarhmc ahop, this part requires 
two opLTHtioD!* for Muiiking and drawing, bul it U uxjK-rled hi thr vr-ry 
near future Uicsc two operatioti^ will he combined so that one .stroke 
of the prc^s will do the work. The total time required to 6nisli the 
prodnrt is fivo niiiitjl^s, 

STEKKixfi-fji-mi Column Fmngb 

On aroount of (lie second operation, where the metal is really 
turned inside out» the steering-gear column flange ]>n?seiits an excellt-nt 
example of unusual steeldrawinj; practice. 

How Tm^ Piece Is Made 

The first operation is a combination blanking and drawing operation- 
It leaver the piece in a shape shown on the next page. Tlic second 
ebaw, which is known as the inside cut, is performed on the other ,**iclc 
of the metal and draws the steel cup inside out. The next process gives 
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Second DrAwin^ Operatioa on Siecring-Columii Flacge 
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PhotogiAph Showmg Successive ChAUgcs in Form of Stccriiif Columu FUnge 

NoU UuAt I>»t««iin piclur* two anil tlirw tha uidUl u lumiKl idhiIb out 

this projection an oval sliapc drawing it out still fftrllier. The next 
fomis ii and punclus out tlic bottom, iiftcr which the oitt:«idc is drilled 
aiid the ho\\ lioW art* prrffjnilf-il on nnothrr Iftrgf pn-UkS. 

A good understanding of ihe siicceiisivo operations niay be gainod 
by careful cxntiiinalion of the aceompaiiying photographs. 

The Fax-Bklt Pullky 

This job is prrhaps one of the most interesting drawn piere-s whieh 
has so far been made in the Ford fuclury, mtd fur ihul reason it* manu- 
facture will I>e deseribed in detail. 
Starting on a Ur^c pn*»s, in 
tlie general niiichuii.' shop, tlio 
st-ock is first put through a eom- 
bination operation of blanking 
and drawing. It i<< then truiu- 
ferred to a tray at iJie ri«ht hand 
of anotlier pre^s operator, who 
submit:^ it to a sceond draw. He, 
in turn, pa^^seffi it on to another 




Hie Ford Steering Quadrant 



who draws it farther. At tlie fourth operation it is pivon its 6nal 
draw and the center perforated. 

It is now n'iuly for aunejiling. This la not coiisiilered a separate 
operation, beeaune the same man who operates the press wliich per- 
forms the fourth of>erntion also does the annealing. A small annealing 
furnace plintrd just at his left hand makes this possible. 

Af'er piLHsin^ thniugh the annealing fiirna<*e, the part drops out 
into a metal barrel. As soon aa it has cooled sufficiently, it is put 
llirough a press which turns up the metal around tJie edge, forming the 
fac*e of the pnllo'. 

The job is now flattened and half crowned, and turned over to a 




Forming and Perforattng the Steering-Column Flange 




Fioal ForiLkiug and Ti^inuning Opetation, Stccrinit-Coluiuii Fkoge 
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Seven Sticr«ssiTe Stages in the Production of the Fan-Belt PuUey 

fcrpw-mjirhinc o[K'ralor, who trims it up- This screw ma<^hinr is so 
n«irlhc pnr^w."?* that IhiTe i*no trucking whatever fv<iuirrd- 

Ttit- hub is ii€xt seized and the crowu f]]iisb4.Hl on anolher press, 
after whidi the inside diameter is reamed to size and the holca drilled 
out on tw«i !<iun(!le drills mounted on a 5|>n*ittl doidile-hfa<k-d lathp of 
Ford deni^n. Afttr drilling, tlie hulea are burrrd on u drUl press near 
by. and iIk^ job is fini^shed. 

All thi» work takes place in an inconceiviibly dmall ^|>acc. The 
preftM?:^, nni«*aling furnace, screw niAchiiie, lathe and drill pn-^sts are 
so clo^ logether that one can hardly squeeze between, yet eAcIi work- 
man MTvms to have sufficient room to do his i>art e^i^ily and well. 

FurllRTni<>n% the job w delivered in Its Gn[sh«.-il i^onililion nt a point 
where it can be tossed onto the endless-chain conveyor, so that no 
trucking is necessary and the Tncn are never disturbed by tlic moving 
of trays» Imrn'iTi, (*i- tnicking racks. 

What at first glance seenis to be a eonfused mass of nuchinery, 
placed without any underlying plan, really reveals itself, upon careful 
exnniinntion, as a wonderful instance of common-sense arrangement, 
finally arrived at after a painstaking htudy of opcratiou^^, handling, 
4Ukd delivery. 

It is such a thing as this thai mirrors best the mechanical genius 
and co-operative organtKation thai havr nmdr the Fonl Motor Comjuiny 
fvhat it i^ today -un^iuejitionably the marvel of the metal-working 
world; nil imititutton where brain and brawn have been succc^i^lnlly 
harmonized in the solution of one of the grentc-^t pnjblcnis of modem 
civilization; ^'individuiilized Irausportation" at low cost — the Ford 
automobile. 



Chapter X 
CONVEYORS, WORK SLIDES AND ROLL-WAYS 

EVERY square foot of every workshop carries a certain and in-" 
evitable overhead charge, and is hence a debtor to the plant* 
The only posaible way in which any square foot of any factory 
floor-surface can be made to pay its existence debt to the plant at large* 
is to make this square foot of floor surface support a proflt-eaming load. 

There must be shop-floor hnes of travel which cannot be infringed 
upon by direct-profit-eaming agencies, there must be floor-spaces which 
support rough stores only, other floor-surfaces which carry finished 
components only, and in the great majority of industrial exploitationa 
there must be floor areas of considerable extent which carry merchant- 
able finished product only, this merchantable product being subject to 
certain fixed charges for every day of its housing before it finds a 
purchaser. 

This last form of unproductive floor-load is almost wholly avoided 
at the Ford Motor Company's Highland Park plant, where 90 per cent 
of the entire production is loaded into railway cars and shipped to cadi 
purchasers as fast as completed, and the only finished-product stores 
space is the open surface of John R. Street, 

Otherwise, the Ford shops are subjected to the previously specified 
indirectly-productive floor-space over-charges, which cannot be escaped 
by any manufactory whatever. 

But there is another and hitherto xmmentioned occupation of factory 
floor-space, which may be relatively large or small in direct proporti<m 
to the intelligence, ingenuity, and resourcefulness of the factory manager 
— that of shop-floor occupancy by components in process of finishing. 
This particular form of indirectly profit-earning factory-floor-space 
occupancy is commonly regarded by factory managers as an inevitable 
and unrelievable source of added overhead costs of factory product, and 
one which must certainly be augmented as the factory production is 
increased. 

an 
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An increase of total production for a given time must bring more 
componenlii in pTCK-es,^ of Bnistiing into the factoTy; Uie^e conipouc^iits 
in progress nnist have floor-space lo rest upon because they ceriaijily 
cannot be ausi?rnclcd in the atmosphere between snccessive operulJoiis; 
there is no plare for work in progress supporl save the farlor;-' O^Mjr; 
and eoiiiwquently, since the ultimate limiting factor of pn^luction must 
alway*! be the flour an?a available for the placing of direct -product ion 
agencicji — tlic worknifii and Unr benches and t<jols uswl by the workers— 
any increase in faclory product !oii per day nmsL always result in de- 
dcase of factory mnximum-produetion liuut. Thai h to say* the more 
work in progress, ihc less ihe floor-space availnblo for doing the work, 

lVrh;ipMu>t one r^ictorj-e^viiioniiht in a IhniiKunt) wilt find any fnllacy 
in the foregoing summary of factory-floor unavoidable occupancy by 
components in process of finishing; yet it does contain an error* so 
glaringly olivtous ns soon a-s it is pnintetl out as to make it seem iinp(»s- 
sibie that even tlie most eoiiserviitive of faclfiry managers could fiiil to 
perceive it instantly, to recognize its economic sisnificance, to bear thia 
significance constantly in mind, and to exert all hh mental powers to 
avoid limiting hLs maximnm-prodmrtlon jMissibitilic^ by needless placing 
of non-paying loads upon his factor^" floor-space^ 

The error mentioned lies in llic as.^imiption that components in 
progress of (inisliing cannot be carried in the air between factory oper- 
ations, but must, of necessity, be HUpported on the shop floor. 

The enormous increase in the Fonl-car demand vcrjr' early forced Ihc 
Ford factorj' management to plaec workmen and machine tools as 
closely together as possible on the floor; but it whs not until the begin- 
ning <j( IDli tliat it was [oun<! that, in some special iui^lanccs, the con- 
venience uf the workmen touhl be aervctl by the installutiou of gravity 
work-slides, us md I y incliricd sIiL-t*l-in>u Irou^li'*, sojdan'il that llie work- 
mun upon completion uf liig own operation could ilrop the component 
into a trough, so Inclined us to carry the piece by gravity to within the 
euwy rearli uf tbe ivorkman who WiW to i>errorni the next succeeding 
operation on the component, instead of dropping the partly finished 
piece into a box or can and having this box or can carried, pulled, or 
piisheil by a laborer lo the next workman, and thus become an occupier 
of non*paying floor*space — with the IraiLs^K^rting laborer's time added 
to floor-spac*e overhi»ad charges, to increa^ needlessly the finishing cu^lx. 

It was at once discovered that not only were the pro<iuction labor 
costs greatly reduced by work-slide installation, but that the floor was 
cleaned up, making room for mure tools and workmen where it was 
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thought the limit of closo placing of pruUuctivc ugcudes Iiad previously 
bc!cn reach ed, 

IViTPpti*>n of these facts brought mstarit activities of the Ford 
engineers to tht' front in the end*'avor to reduce pruduclion costs by 
gravity slides, endless belts, endless chains, gravity roll-ways, and over- 
head carriers, each one of which as soon as installed produced unbe- 




Two Larhcs and Power Press for Finishing Lsrge Thrust Washers oF Babbitt MetAl 

At li^ru iu)i|jiv-tijr iiiii\ [W4P Ullii- Lmuia. Tlir Ijilhi- liiiatiN tiu.r rudj ulliiir, miiJ Uii' tail'^tm-k *'tn\if nf iLjiT 
latlffSdTO H'T cUwr ti tin: |ni*i'C pr*^fl, Thr IaILc hacirL lAhr irubvrt bs thty conw do^Ti llir Blidn. wilh 
cutiUk an4 Inaulu -.-dm-^ iiniMLL'tL ttvui vht pftas fact llic aLuIq nud l-«1 a jf-if*] i^fowvc m mt'h sUfn ntJJ 
tbea drup tliv linuiKil pk-cc inUi Uk ahnrt rilldn (iiarkcti 4, Mm l)^iVL-«n llie LaIIic tiK-n, l'Kt> wjuhrm 
tVni'' In Lhc vnci ariX lh« intprclor, wbo stadu Lbpm on hu lobk< lor iDapcctici] 

lievable labor-cost reduction*, so that, at the date of tliiA writing, 
October fi, 1S14, these means of transporting components in process of 
fiDishing thi'ou^h the air instead of on the floor, are the most mirprising 
feature of the Fonl shop?? iiitenors. 

Broadly speaking, it i-s safe to say that anything in the way of a work 
conveyor which kccp» work in progress off the shop floor, will be found 
to cITect. a large saving in direct -labor costs, and to increase the factory 
maximiun-production capacity. 
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L.W10K-C0ST Reductions Gained by Ghavity Woek-Sudc 

Installation 

SurprtMJiig labor-cost rerluctinns mvarialjly follow llw? placing of 
work-slides, although the first gravity slides were iiisUilIed merely with 
a view to the advantages gained in the way of transportation of com- 
punenU in prcxvss uf (inidiln^ from ojxc. operation loeatioa tn tlie nr^xl; 
but, as before mentioned, it was at once made plainly apparent tJiat 
gravity work-shdes ynst\y tncreruwd each worker's effidGn(^". In ever>* 
instjince of work-nlide i>UKing there was a gain of from S<) to 100 per 
cent in the pnaliKiioii volume, with lite same metlKHU, machines, .mnall 
tools, and men; seemini^Iy nothing done to decrease labor costs, yet 
targe 5a%Tng5 shown imnicdiately. 

The lalior savin^!i were due, as is now fully understood in the Ford 
shops, to giving the workman a fixed place of reception for work leaving 
his hand, and a fixed point within his easy reach where he could pick 
up the next piece, thus avc^ding thought* delay, and fatigue nS the 
workman caused by breaking into the voUtion routine of Iiis movements. 




Same Job and Tools as shown 00 page ^73, Dlffefeot Workmea 

__ work >IU|rv fn-m ]>ru& tu Mt hn;iil lalLc mi paty ^3. 4di| inrlrnM ttiilcfir finuhnl m*kt«lftWfi 
tb* lvn> UUiri limuU 'Hi* tUtri imn tntu^li ihflr? utv tjun- tur Ntfh kthr ^idc 1 liTliTTTii iv »iul^ C, 
«AMi optu to troy 9. nnuli«l trork^lidf bclvctn Ihc Ivo Uibe bimU m marked "i." PVna hHiJ 

not viiibte 
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PJstOD Gravity Slide from Four Drilling Machines to Piston, Pin, and Connecting 

Rod As5«mblers 

Thrr Inijp miirhinf-t nrv rcljiinnd tnr fmofKrn'v iist», but tHinv nmn nnw rrnm b» ni»-'h Wiirk fli fmnHfil/ 
iLtAU ikiuimIvv iMmp id ibii rntiaifiij ilMinn hi mru hnMjnif IW iiiiilr>iL>i rw^i. «v<Ty H-linur <l«y 

When* ft workiijaiicnn pcrforiii absolutely i^imilarsucccsHioii-* of niove- 
mpnt,l]pverj' soon gains great, ^^kill (-omliiiicd wiHi prrat lapulily of niu»- 
ctiLir action; but if the routine of the workman's niovementii is broken, 
he must inevitably call his brain into action to find the hcht monnn of 
bridfiin;; his tmuhirs, and niiLst lose some tiiiir in drvisini^andrsecuting 
his unu^imit line of proc-edure. All of ihi-'i seems Xou obvious to deniattd 
detaik^l fepet'iiiealion, but it is certain llmt in ver>* many factor>' opera- 
tions great time losses arc the rule rather than the exception, while it is 
ulsfi errlaiii ihal n very Ur^e part of these time h>ises ran W' avoided 
by the plaein;^ of work-handliiij? eonvetiicnccs of in^i^nifieant cost. 

Theso conveoien^'^a fall into the following clufise^i, which will be 
shQV\Ti and deseribttl in the order of m<Mitioning: 

1, Gravity wnrk-stides, 

'i, Gravity roll-wayi*. 

!!• Slidefl on wliich work in progress is moved by hand. 

4, Kndless belts, power-tlriven. 

5. Kndless chains, power-driven. 
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My ttttention whs fii^t ilrawa to the la1>or-savi[kg powers of gravity 
work-slides by the example shown on pa/jes ^73 and 274, front and aide 
views ot a group of three power-driven maeliines, a pre^s and two 
engme Iathe*i, employed in fiuHliing a l)al)hilt frurtion washer, now 
obsolete. The machines were platted as closely as possible — so closely 
that the work -slides placing seemed an absurdity. The three workmen, 
one press hand and two iathe huiuls, stao<i clc^e together; the washers 
(babbitt-metal castings) were first piissed through a die working against 
n spring plunger die and ejector in tlie bolster, tJii* operaliou finishing 
the washer hole and the washer circuniferenee, and leaviug the washer 
about SVi incht's outside diameter, hole 2'/* inehes, jtiid were Iheu 
faced in the two lather to about ^>n inch thickness and had spirnl oil 
grooves cut in their sides. 

Before the work*slidrji were plaerd. the regular pro<hietion fw the 
three wuiknien and tlmt* marhines was 800 washers jxt ft-hmir day; 
this rose to 1,100 washers per 8-hour day — or 37 Viper cent iiicreasc — us 
soon as tlie work-slides were uscd- 

On page 275 are shottTi gravity slides whieh take the pistons fnwn 
four drillers on whieh four men reiim the piston-pin holes hi about 4,000 
pistons per Shtjur day, doin^^ away with two truck men. 

MwTiy more gravity work-sli<les miglit be shown, as iJiesc transpor* 
tation facilities appt*ar in everj- dirL^tion in the Ford shops, but one or 
two examples are enough to direct the attention of the iJUelligent and 
aggressive shop iminager to thesc^ eoat-retlueiiig agencies, sinec even* 
uislallatiun of llii^ diaraeter is a job by itself and copying is not fea^il^Ie* 
It is enou|{li to say that tlie best [ilaeing of any gravity work*»lide must 
be preceded by a careful motion study of the movements of the workmen 
who are to make use of it, that most men are wiser after tlje fju.-l than 
befure it, aM<l that no competent workshop olBcial will hesitate tu 
change his own work If he thinks he sees a way to better it- 

(Jravity Hoi.I/-\VaT8 

Gravity-operated roll-way** for moving componettis having finisiied 
ciicular outlines are very much m*ed in tfie Ford shops, and have the 
vet>- <h*airab!e feature of moving work with but little roll-way inclinatJon. 
Work-slidi's hi general — mere slK>'t-In)u trouglis whieh ilo not fit Uie 
individual pieces whieli thej' are called upon to move — must have ct>a- 
siderable "slant"; but a roll-way which is 6lted to carrj* a certain 
finished piree can be built up from rough angle-iron bars so that the 
work will travel surely with only a very Muall drop of the deliverj* end 
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below the level of the receiving <^n<I. Ain*xamplc of sncli a C0TiM,rtic1jon, 
usf^l for traujiiioHatlon nf a fljinge<] sWve, is shown on tlii> jKigo, end 
view, sliowiuR bow two widths of angle bars arc combined with a shcol- 
iroii bottom lo produce a roll-way to fit. 

Thrtx* illustrations of a roll-way for handling the Ford Model-T 
fly-wlKt4 nrv Lore shown, with piirticulars of savings Rained. The Ford 
fly-whivl is a comparatavt'ly large and hra^y rompom^nt nnr! Im^ a 
lai^e number of bultra drilled and 
lapiK'd in it lu lake the fly-wht-i-l 
magneto. 

Thk Ford Flt-Wheel Finishing 
Line or Tools 

Weight erf Ford Modcl-T motnr 
^ily-wlu't*ls T-701 , gray iron: n>ii;:li, 
'41 pounds; finished^ S5 puntid^. 
Finished by 10 operations. 

See pages 278, 279, 280. Tl. 
geJieral sped fi cat icns of llie Fui'l 
fly-wheel, T-701, Bm^liing, here ful- 
low, with tliree itiudlrations of tin 
loll-way which reduceil tlie fl^K- 
wheei finUhing time from 31 min- 
utes lo less ihan W minutes* 

The Hi finishing operations on 
the fly-wliec! and the maehine too! - 
used ia iKrformiiig thcin, were as 
follows; 

Optrrallori 1. Itou^lt^Liirn, fin- 
ish-turn, face engine side complete, 
ream two diameters, and finish, 
Juhnxiii Hiitoitial ieA. 

Operntion 2. Face transmission side, on Iteed-Prfntiee lathe. 

Operation 3. Face transmission side of hub on Reed-Prentice lathe, 

OlH^ralion 4. I>rill six holes on Foule-Burt, one-3pindle driller with 
Footc-Burl spindle head, to drill six hoI<."7* nt same lime. 

Operation 5, Ream two .430 hole* on Cincinnati drill prcs;*, one 
spindle, with Ford hcati to ream both holes same time. 

Operation 6, Couiitrrbore thret; ,0755 to Vw inch» on Footc-BurU 
three^spindlo head; couatcrbon; three holes at once. 




Example of a Roll-Way for a a-DJamcter 
Component 

Machine tools used are Potter and 



278 



FORD TrtETHODS \7CD TITE FOR1> SHOPS 



Operation 7, Drill thn^ "/e*'iiicii holes on Footc-Burt, same as 
(i|>iTution 6, 

0|>crati(m8< Ri'iirii Ltiixv .67^5 li(»te-4 on Foolt^-Burt. ^amc as 
oporalions and 7. 

Operation 9. Drill sixtrt-n ^^lu-'mch holes for V*-iri<'li diamcltT, 44 
ptT im'h l»j>, on %p*-ci<-il Fout^'-Biirl ; ilrill sixlt^-n lioW at oiu-e. 

Opcrntion 10. Drill -iixtcen No. 6 holes, for 14 tap, M per inch, on 
same aa operation 9. 

Operation II. Couiilerliorc wxt^vn holes, V<"i'J*'h diameter, on 
same as operations 9 and 10. 

Operation W. Couiitxrrbopc sixtct^n holes, Va-in<?h tUameter, on 
sanif* ntjt'inn'* ns oprnilion^s V>. 10 rtrid 11. 




Midiik Section of Fly-Wheel Rt>U-Way 

Pi[aiif uprigbU nnrl ^Ui^l-cluduid and lu^jlc-bar cuttkLniclum 
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Operation 13- Tap sixtw-ji holes at .sAine Lime, Vr*i*cii, 5-1 per 
inch, on special Foote-Burt tapping machine. 

Opcmtion 14. Tap sixteen holes, I i, S-1 per inch, on Pootc-Burt 
marhinr, same as opi^ration 13. 

Operation 15. Tup four huli-s, ^/tt-'mch diauielcr. ^0 per inch, on 
Cinriiiiiati sinj^le-spuidle driller with Ford four-spindle head to tap all 
four holes nt oucc* 

Operalion 10, Bjilanee on Rockford Tool Company's bitlaiieing 
machine. 

Thi.'* fljMvheel lini,shing line is liJO feet long, and inchules 27 ?«eparatc 
nmrhine tooU- The roll-way covers fnll length of the line, hut in in 
three sections; first, north to 
south, page 'il^ ; middle one, 
page ^7S: soutlt section, yninr 
280. NuniWr of men when full- 
lianded, eij(}iti-eii; M>mc men at- 
tend mon* than one ntuehinr. 
lirfore pairing Hie roH-ways lln^ 
best one d-lioiir daj,' prodnction 
wa3 350 fly-wheels, with two 
truckers, 20 men, total, on the 
fly-wlu-e] job. With iolUway>, 
the pr<Kluction was WO per 8- 
hour <lay, with no truckers, fhK»r 
cleam^d up. 

Before Uie rolUway plaeiiijj 
two IrLiekers wire kept busy in 
transfening the fly-wheels in 
prot'fw of riiii^Iiiit^ from one ma- 
chine tn anotluT and piling them 
adjacent to the next operation 
machine, never in the be»t place 
for the workman's convenience- 

The tools were closely placed and the pile^ of fly-whecU at each 
machine anti Ihc constant journeys of the two truekeri* nuidc the fly- 
wheel job a place to avoid if |H>ssihle. Worst of all, the straw boss 
could never nail, with certainly, the man who was shirking, because of 
the many work-pile^ and general confusion due to the sliop floor trans- 
portatifin. 

Aj* soon OS tile roll-ways were placed tJie tnickers were called off. 



North End o( tly-Wheel Roll-Way 

j^ihawLfif ihp crnnmrfclal bar dtofl r^onitrucrtlua 
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the floor was cleared, and all the straw boss had to dt> to locate the shirk 
or operation touU in fault, was to ^lanc** along the im<r and see where 
the roll-way was filled up. As more tJian once before said in these 
chapters, mechanical transit of work in progress evens up the joh, and 
forces ever>-bod^- to adopt the pace of the fastest worker in tlic 

gang, and the rull-way Lad the 
cxiJccted effect of reducing the 
luhor-cosb! by belter than Siij-i 
pf r reiiL 

Suuii;>4 ON Wiiicn Work in 
PROGREftft 18 Moved dy IIaxd 

Phicing work in progress on & 
8li<io-wfty ami moving components 
jiloiig by hand as they are plareil 
on the slide-way aftc^r an <>jjera- 
tion completion has the same ef- 
fect on pace as that obtained by 
the nuniiig assembly and the 
gravity roll-way. All the boss 
has to do to spot the slow man 
infallibly is to seek the forward 
end of the congestion of units in 
Imiisit. Tins invariably results 
iiL incrciiaed labor-hour-prodiic- 
tiun, iK-^Idt'H cV^niiig up the shop 
floor and dispensing witl) the 
trucking labor. 
Pnge 281 show* the hand-moveil slide-way for supporting tlie ahimi- 
nuni-casting transmission cowrSj T^S-iQ, between successive milling, 
drilling, rcflming, and tapping operations. About 1^00 piece** an* 
handlcil per 8-hour day, ^0 operations on each piece. 33 workmen, single 
sliift, Tlie tools used are one Ford Company's design si>ecial milling 
machine with two horiaontal working ^pindk-^, one Ford Company 
milling fixtuTx.* applied to a Cincinnati driller; twelve Cincinnati drilling 
machines, of nhicli twoart^fittcfl with?ii>ctial Ford lapping fL\lur«'s:Hnd 
four Foole'Biirl special machines, two of wbicli aiX' fitted to *lrill holes 
in three directions, while the two others are fitted to drill holes in four 
directions, simultaneously. 

This was one of the first »lide-way*t to lie installed in the Ford *«hops, 




South End of Fly-Wheel Roll-Way 

£uuc cuoalructiua lu (biJillc part, pd^^ iTS 



CONVETOnfi. WORK SLTIIES Al 



281 



and it lias now li4?eii in use about oito year. Previuus \o ib<* u»h.> oF this 
sluiceway, 5D*-hours work finislicd 1,000 covers. Now, with no ohimfic 
in machines nor snnill tools, but with the slide-way, 264 labtH- hours 
produce 1/iOO finislied clovers, lluis more than doubling ibe labor-hour 
productiou. with no cbon^ in tooU, metliod* or elft^s of l^bor cniploycd. 



^ -. ^^^m V ■«« w- 


':^l»«fc M/ft' "' ■ £' 
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Transmissloa Cover Slide-Way- Early ConstnicdQcit Bmit Up oF Steel Tubes and 

Regular FittingB 

pipr. cut intd nhorl inrfn, n-muiiu <m bund u tinusabh.- acmp. The iBtf."^! {xjn^lnjf'tkqi iui."t ^uy irun 

ucHkUU ftUil iiPicli^ irat %ivv\. In luw uf tljjuiitu tlu' uiJriul^U t-nu gu Uirk lu llii^ cuituJct. lUiti Ibe filed 

burt can (fi> Wk U* ihr n*'lt »itb a ^MtA |>r*wijrvl tJ *i>rcil> n:'«iupt»>iii<^at 

Thiin jilidc-way is a stwl-tube eoniitruction, as were all of the early 
Ford shop slidc-i\ tty^. The pi|>e construction is now abandoned in favor 
of griiy iron su[)]>(>r1ing members and stcci angle-bar sliding-wuys. 

Four examples of endless-belt work conveyors are here given, with 
illii?^trations, one from the radiator job, one from the fender job, ami one 
from the sheet'Steel-wnrking dep,irtrnenl, which takes tlir^ work from 
two long line?* of power prf-^^^-s, set back to back, so that ihe pimrhitigs 
drop from the press work-slides onto tliis big belt and are all carried to 
one end. where tJirec Jjiekers-olf and sorters place similar piccea toffctJicr 
tu receptacles for tranfiportalion to points of storage or a>iNei»blhig. 
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The fourth example of cn<ilos*-bclt tmnsportftlion is from Ihc motor- 

ijpsS4*ml>1uig *!<"|Mriiiirnt, wild .sliow-i mi owrliOint viullrsH-ln-M rarricr, 

3o»- up to llii' rcMjf hcniiis, wIik-L tuU-^ coiii|>on(.'!its Eimsh^^d uii the 

fourth floor, and Ipansfers them through long gravity slides, to the two 

widely st-i>aratcd lines of motor assemblers, delivering components to 



Radiator Job. Thf«e Endless Belts, Tvo At Right Angles to the One Shown 

Mi l« ini^hpi irirfp, ■pwd 5^ frrl |«t iJiinuEi-. Sii\« wmi. uf tnnj im-u *illi Irmlj 

one line or ihe otlier as govcrnt^ by a switch overhead, tlie switcli being 
channel on signal from aasfn lining luie. 

This page shows one of lhn*i* belts in the radiator department, work- 
hig logelln'r and placed at right uncles to e-ach other, to take assemblies 
made rca^lj' for solderiny from a Iit'iirh line of a.s5icniblcrA ami rany theni 
Q considerable distanec and then antoniatically Irnnsfer the assemblies 
to another belt at right angles, vvhieh carries them under a ^Iderer'a 
bcneli. 

The belt used is seweil canvas, the sann- an In all tlie other helt- 
convcyor installations shown in this storj-. Tlie Ford Comp:uiy has 
purcliaaed these canvas conveyor belts from Hctluek Bros-. Toledo^ 




cxivrevoRA, wmK tiUDRa atcd iioki>Wjiy» 
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Ohio. tJic Sawj'tT Belling Cuitkpany, Ck'v<.-laTi<l, Oliio, and from tlic 
Gaudy Coiiipiiiiy. 

This pjij^c shows ihe niud-^uard departnK^nt, Icn gangw of men, one 
gang for each one of ten "closing-down" machinc«s supplied by H. 
C«llii*rSniilh, '*i|iiick-work" slietft^iiicljtl I.ooIr, IVtroit; about nine nwn 
in ^ach ganf? are placed at right angles to the belt ; niiul-xnard assembling 
hccin^ at the far end, and is finished when tlic mud-trnard pcnohcs the 
bf'lL; \\\f la,st operation man lays the fender on the belt to be carried 
away from the job* This belt makes a direct savin;^ of two IniektTs, 




Homootal Coavcjor Belt Used in the Mud-Guard Departmcal to Carry Awaj 

CompJeted Work 

and a very conwderaljle indirecrt saving by moving tlie femlers as soon 
as they arc readj" to move, and so keeping the floor cleaned np and the 
whole job in lidy shape- 
Page 28-t an illiistrallon from the motor-assembling floor, and shows 
two gravity chutes for conveying brake bands supplied by an endlesvs 
belt placed on the roof beams. The broke lnuL<ls ore made on tlic foiirtli 
floor and are dropped down chutes to the endless licit, 11)2 feet long, 
which carries the brake-baodj* to a switch^ overhead, midway between 
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tlie two lIiK's of iiu»tor a'ssfiiihlfrs. The swilcb is plnc«l l*y sigiiul From 
the asscinblmg lines, Tlii-s bell saves one trucker, flnd j^ivos fur better 
ser\'icc^ besides kccjiing the brake bands off the floor while in traasit. 
Thf.' ilItL^tnition uii page 280 is lftk.cn in the pn.*?swd •steel drpflrt- 
mentt and sliows a belt placed between two lines of power presses, »et 

bot^k to ba«rk> lo receive both 
work an<l wnipn 

\Vurk->lides from presses lo 
bell convey nil the press product 
lo the bell as fajit as it d^op*^ from 
the dies, and tlw^ scrap is alst* 
pfnc^d on the belt, Tlie belt is 
19a fret long, 30 inclics wide, 
sprrd SO Ut>\ per minute. Two 
men lian<lle 4crap, and three men 
&ort the multiform products into 
rcct'ptaclcs at iJie end of the 
lixie. This ImtII receives tbe 
product of sixty-five presses; rl 
wfts inslftUed in I>eccinber» 1913, 
iind Mive^ llie lubor of about four- 
teen Dien. Former practice was 
to take the prcAs product away 
in barrch, by Iruck men, to tlie 
craneway, where tlie barrels were 
piled, to be taken out of the pile 
and work handled into cans and 
txays to gn Ut Hssemblera, Scrap 
was colIe(H^ed by laborers, and 
piled on trucks for clisposal. 




Brflke^Boad Chute 

flLOOO Imr..!. nic^ p^ h^Umtt doy. S^vjna of |5.*J0 
owr li>rnnT ImnJ tficlc di-Uviprj", iiuIh-IIihI. 
AiLtfii^if , lUI ^- Tmniininirin nml mngnHo iXitvm- 
blj' diUt[^ DJc tera Ut mliMlc right. 



ENDLESft-CHArN Kl-EVATOafl AND 
Cakkikhh 



A great number of endless* 
chain carriers are u«ed iii the 
Fonl shops, some for driving assembling lines and some for elevating 
and €^a^^^■ing- 

Only one example Is hen.' ilIustrKUvl Hud dcscrib'^l, I hat of ihe traiuu 
mission and ma^fncto assembly transfer from the finish end of the niag* 
ncto ajsembling hue to the two motor-assembling lines. 
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TraQSmissioQ fuid Magneto Assembling 
Line 



Tlic maunclo and transmission 
aix" ti,vseiiil)ird an a Vmc located nt 
a toiiiiidcrable distance ^cjutli of 
tbe two niotor-asacmbling lines. 
The last operation man on the 
tr&nsnij^ion and magneto line 
pW-vs lli*^ aswmbly on an inclined 
chain irlovalor as shown just 
above, The cliain serves two grav- 
ity chute*, seen close at the left of 
the workman^s head, these gravity 
chutes delivering the transuusisuon 



nnd magneto as?«.'niblies to either 
uriij of the two mutor-asM*mbtttij; 
lines, according t^ bell signals 
from the lines, tlic one workman 
shown chuuging Uie swilcli hy the 
lKN.hil shown on the floor, right 
fntnL in llic uj^tr picture on 
I Ills ]vi^:,T\ 

The lower view on this pnge 
ft!iow3 the deliver!" *^*1 **f *^"® 
of Uie transniiMioii and magneto 
(-hiites^ As tl)i^ a.^Sfnibly weighs 




Delivery End of Transmission and Mag- 
neto Chute 

The chiun *»a in the piclurv nbovr i< u>n>d for r1«- 
vuting unl,v- "riii- (|<rlivi-ry is hy j/irnvhy am! ra- 
cludn n bniki?. SIHt Ih hprjnif Icie^iI'M, hHik'Ii 
r?Iafilf Ihr-nttcDihlti^^Jutl ln-fiwvihf^' ii r'* Hmn j-M 
tjin-Ht ;iH"'i"*' llii" "hiiiii*? Ijiil in fMul, vMdi hu 
iibntJt e jn9. movrtiLt^iil Di;)iJTJi\ h'Hvy t u>ilii<irniiir 

lli«-rij in tndui, v>)Uiai touLf nincli u( Uu uiuluc 
aMcmbli:n 
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Endless Belt Between Two Lines of Presses Set Back to Back 

Tlijn LjiJt Eftlts jiTuJqcl flf iili |jrc»cfl *jid iflirlcs lu <**t oiJ uf line, vhcK thicc aim mrt U» product 
into tnn«p»rtjiL(on ronpUicIn- St* U-it. pn^ ^^ 

98 poundfi, a strung brake aiid spring buffer are requiriil wlieii de- 
livcping. 

For particulars »ec the legrruls under the illustmtions. The eash 
saving etTit' I *'<i liv litis chain I'li-Vjilor in about $20.00 j>er4lay, besides the 
indireet saving due to the removal o! travel obstnictions on the floor. 

It h of little use to give the conve>'or belt and chain speeds because 
in each installation there is some consideration which fixes the speed. 



Chapter XI 
THE BUSHINGS JOB 

AMBUSHING" Is a hollow cylinder, more commonly of brass or 
"bronze" but often of steel and sometimes of tool-steel The 
diameter may vary from, say, |^ inch inside and ^ inch 
outside, up to say 2j^ inclies insi<ie and 2^ or more, outsi<ie. The 
length Is commonly short, from one to three times the outside diameter, 
and often one end has a low flange. 

The bush form-requirements are a truly cylindrical bore, "round and 
straight" in shop language, with the exterior surface exactly concentric, 
or "true" with the bore. The bushing is thus seen to be a simple form 
of production, very easily made on the engine lathe or on the turret 
machine when made in Small quantities and with no special attention 
to low cost; but when Ijushings are required in large numbers and at a 
low cost they offer an extremely difficult problem, or rather several 
difficult problems, which the Ford engineers have solved by abandoning 
ordinary' machine-tool practice, abandoning the turret machine and 
the use of reamers for finishing the bush-bore, and making several new 
inventions in the way of engine-lathe tools and appliances and applying 
multi-toothed broaches to the finishing of interior circular surfaces, in 
the effort to produce large numbers of components at the least possible 
labor-cost- 

The Ford Model-T chassis requires 69 bushings, of which 30 are of 
gray iron, steel or babbitt metal, leaving 39 brass bushings to be made 
for each chassis; that is to say, with a production of 1,000 ears per day 
the bushings department regularly finishes about 35,000 or 40,000 bush- 
ings daily, and has turned out 52,000 bushings in one 8-hour day. 

Up to about April 1, 1913, the bushings were made according to 
ordinary machine-shop practice, on turret machines, automatic screw 
machines, and drill presses and engine lathes; many bushes were made 
from solid round bars on hand-worked turret machines, or of castings. 
If of castings, these were bored and reamed on verticaKspindle machines, 
the bush being held in a special fixture and first rough-bored and then 
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Saith Ttamtd^ then prcwcd oo arbors and fim&bcd to ootadc (fiamcter 

Tbe mMtmgemaA wu wrfl awanr that tKc great number ct boshlnf^s 
maile evciy digr, lOQicwbere aboQt 3o,000, cost much more than thc>- 
ihouU; bat up to about April 1, 1913. other things vrfc of more im- 
portaocc aiul it was luA uiHil thxl liinr timt tlir btuhaigii prodtlcLiofi 
vrat all eollecied* placed under the care of ooe man^ and made a scpaxstc 
deparlment. 

The fiTit jiTMctic*' frJIovnl .ihc^ tratUlMMifl — bor«^ ancl n-antetl tlie 




Fu^hin^ii Job. Lin« of Drillers for Rough-Boring Bushings Castings. Fun 
CD Driller T&blc. b<t Pace ^^ 'cir Cbuck Coiutnictioa 



C[iMck 



THE BUSHINQB JOB 



buflhmgs holes on turret machines, then forced the bushings onto arbors 
and turned them, and squared up the ends on engme lathes, placing 
one man with an arbor press be- 
tween each pair of engine lathes 
to force rough bushes on arbors 
ready for lathe work and force 
finished bushings off the arbors; 
one arbor-press hand can keep 
two lathe hands going. 

The first operation attacked 
was the reaming of the bush- 
holes, which gave no trouble when 
only a few bushings were required, 
and the labor cost was not seriously 
considered. 

All kinds and sorts of reamers 
were tried, but solid reamers held 
their size only a short time, while 
adjustable reamers were found not 
to answer when production was 
q>eeded up. Finally circular broaches were given a trial, and have 
held their own up to the date of this writing. 




Chuck on Driller Shown in the Preceding 
Picture 

Three jawa. spring opened, BCtimted hy beflin, shown 
at right, nod ring caTryina 3 rams- The canu «re 
hardennl aoid the low eada of th? I^vcte take ad- 
j luting screws with hardened endfl, check-dnt 
retained, which gives aa independent adjiutincat 
for each of the S ehuek-jawg, making theae chiKfa 
easy to keep true, year in and year out* hotdipf 
pieces oF the ouenmatant diameter 



Finishing Round Holes with Circular Broaches 



The circular broach was in use tor round-hole finishing in some 
Detroit brass shops, though I never saw this tool before I saw it in the 
Ford Shops, February, 1914. The circular broach is used in power 
presses, is extremely rapid in action, is easily kept up to size, and makes 
holes which are nearly circular and beautifully smooth, but are not 
straight, and never can be exactly straight because the least variations 
in hardness of the bush sides or in the sharpness of the broach sides- 
must infallibly deflect the broach from straight-line movement as it iB 
forced through the bushing. The bushings-axis variation from a 
straight line may be as much as two or three thousandths, or as little 
as one-half a thousandth, but the axis is never quite straight when the 
hole is finished by circular broaching. 

However, in some forms and dimensions of bushes the arbors used 
are stiff enough to strught^i the bush-axis almost perfectly in course ai 
forcing on the aibor and exterior finikhitig. llie axia enor Hmit is Sued 
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Do Dot Buk Off 

ClrculAT Broach, Small Diameter, Simple Fonn, for Work in Bronze 

VbuabeB at manmum S,QOQ boles with one grindiog. One man and press brcn<:h about 450 pteces per 
hour, Regular bushinra job is to grind br<»arJies once in 5 houra, depending on stock, however; sodoe- 
timea 50 piecea will csll for griiidiDg the broachi AU Ford broochea are "Star Zenith High bpeed" »ted 



at one-half of one thousandth — ^not too small a limit, since the bushing 
is the seat of wear, and bushing errors mean working errors, if the bush- 
ing seats are straight holes and are correctly located. 

The circular broaches have the one grand qualification of working 
faster than any other tooi employed for round-hole finishing, and it is 
this rapid-action-characteristic which enables the circular broach to 
hold its place in the Ford shops. 

Having found that the circular broach would finish round holes 
more rapidly than any other tool, the Ford engineers went at the 
ciiGuIar-broach construction tooth and nail, and spared nothing in the 
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Ford Late Practice in Circular Broaches, Lai^ Diameter, over aVi inches* 
For Brass and Bronze, Ifarch, 1914 

71k loAKtr Ibr broach, vrjlh f^^nl tooth aiunben. and the more widely the teeth are MpBTmted, the lew 
the powtr rvquimi, tbe \f^^ bunrtio^ bIrb od the vork» uid the lesfl the dotiiig ot the hold Bfter the 
bniadi fiiMxa ihruu^. Alfo, the longer the bro«i± the more liable it becomo to accident in teiapcrinA 
in utrckij^hicnin^. in luc &ni] hmuUingp the longer the «troke muat be and the longer the time requirea. 
Late Ford prucli<.r favuri Hliort btMclHit Oii« man and ooe pns broach %SOQ to 5,000 hoki, aboiil 
SVj indica lung, la B hiKirs braoM caalhui. Wh«i bnmdiMi with » powvr gnm, the Infth id bols 
jkujua littts dtf*— 4aBBmb«r«f|lanipwh0at 
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way of thought, time, and treasure to make the circular broach do its 
very beat. 

Five working-drawings examples of Furd circular-bruach practice 
are given on pages 390 to 293 — one of the largest, one of the smallest 
diameter, and three of intermediate diameters. The circular broaches 
are not used for any roughing cuts on the bushings job. Circular 
broaches as small as ^/ic-ineh diameter have been in extended use in 
these shops, but nothing much below Va-inch diameter is now em- 
ployed. 

The Ford Company chT!ular-broach practice probably includes more 
experiment that that of any other establishment, and the fact that the 




Do not Back Off 
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Ford Circular Broachj Current Practice, Jan,, 1914, For Work in Brass 

Fibishi'a aluut IfHt buL-a in •jav gtricwiinn. Oql' mjia nnil prevn hruucli ubdul 3.(KK> pipct-s per 8-houi- day 
Uni*M [iibt PtiK'k. rpqair4?fl vory ahstp tKlftoa. Cirtulwr broiichen an? very quk'tly ^?<>uiid. pilheT r.»n centers, 
or hy tkimfily huUling Uip hrtiarh in tht- fingi»rfl onri tiiming the biymnh an grimlinfl prin^^prfs. The broiUTh 
shutjiemng i'nierj whepU i»a«1 art the ^'Nurifin F!*:^tW iliin rlisk^. niimil fitrp, nmi flpiiblv. can bere«j|ily 
bmklwilLi llie £i]f(<:ti9 and rttumlu iLiilfuna ulii^it reL^utnl- &ix pu^ t99 



Ford Company, after years of use, has settled on the eircular-broach 
employment, is eonclusive proof of the advantages oF this rapid working 
tool for certain classes of round-hole finishing, and fuUy warrants the 
placing of the illustrations here given. 

Probably all cireular broaches shoulil have the teeth cut across at 
as many as three points, 120 decrees apart, la each circular tooth, these 
cross-cuts being staggered 30 degrees in each successive tooth. Some 
of tlie Ford circular-broach teeth are not so cut, with the consequence 
of making fuU-cirele chips whicharediiBcultof removal from the broach- 
grooves , 

The chx-ular-broaeh teeth arc smallest in diameter at the entering 
end, and the last three or four teeth are matle the same large diameter,* 
often in excess of the finished-hole diameter, as the outward pressure in 

•True in «m of all rirculflr broachpa, bat not iDvariatly true la cai9< of alioft bpoachea- 
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i« Two Dl iBflniiaB' Lirffr ihu DJ mcDi LDd qa T^Pflabi 
U ^Idv Jor OoiitrtcthMi qI Worl titer Bnublai 



Sflkt BnADhlu Tool 
1 h'UHll Ui»rL H tin AGrp 

Example of Early Ford Circular Broach Practice, to Work In Babbitt Metal and to 
Cut Double Straight Oil Grooves While Finishing to Diameter 

Cwd fur L*ctnn^-liTk^ iruLk-wrist ends. WitJi "gun-nAmcrs," old prmcdn, about ^ rod-oidfl verereuned 
p?( bjLir. Willi ur^t mm mad one diiU press; thu melhod required one tool setter chi the job cooitAntlyL 
onl> bivildijig fiO cara per d^y, at time of tliu single-tooth reamer prmctiw. At praeat ofaoot 4tA00 nid- 

£ndA ue broached in 8 houn 

circular broaching is severe, and the broached hole closes after the broach 
passes t hroiigh the thin-walJed bushing. 

The lurgej^t and smallest tooth are joined by a curved line of tooth 
dinnietersj not by a straight line, so that the chips are thinnest next the 
broach -leaving end, and thickest at the broach-entering end, as will be 
seen by rcfenMice to the drawings which give the diameter of each cir- 
cular tooth. 

The **Zenith*' high-speed tool steel, made by the Carpenter Steel 
Company at Reading, Pa., is used for these broaches, and for cutting 
tools generally in the Ford shops. 

For broaching holes having key-ways cut in them to finished diame- 
ter, a 45'degree angle tool is seated in a mortice at the entering end trf 
the broach to chamfer the key-way inside comers, to avoid turning line 
burrs inside the key-ways which would have to be removed by hand 
with a file. 

'Die circular broaches are sharpened by grinding the leading faces of 

^itcuIat teeth, which ore cyHndrical for about 1/16 inch in length. 

lie fiist or rou^uDg cuts in the bushings hdes are made on Cindo 
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nati drillers, with Ford chucks fixed to the drillor tables to hold the rough 
bushes and boring bars; twist drills^soap and water lubrirateH, are used For 
making the smaller roughiitgeuts, whieli arc usually ver^' nearly straiglit- 
The bushings production will be illustrated and described in finishing- 
operation sequence. The bushing "Ford bronze" castings are now 
ni^de in the big Ford foundry, an<l are hronglit to the bushings depart- 
ment cleaned and ready for the finishing operations. 




Hnfden ft Giiud 




BHl^6-Pllot ^ 

L Tool StMl Hurderi & Grind 



Dvt-S-CDttET 

ISlBT Zenith binh Srcfd 3i««l 

Hah^si & Grind 



Recent Cifcular Broach for Drop Forgirgs. Wot Yet in Use 

This i'kltoratp bTiiorh fini'^hes ihe diametpr nf n linlp pri-i'ioinlv RpMnc^l lo lakf two keys, IHn jJcpvw 
itpnrt. TLc tfrcvkiUH spliiiiii)? uvw^iUtui Uic (iilul. }twvr ieil iiiLiid. lu ^liIp the oliiiTuri-rini^ luoL luwer 
rinUt-httod aoliua. In HMrmhling ihU ^-nomfKOum*. tifj\, ihc fnUA Icmi*, liie ihwiiifcTiup IlnjI folliwji, auJ 
boUiarc rctuneU by the tLruat screw. Id operatioD» Uicbrobch ia Gral tat^rAl ■□ llic vrutk, b> luuul. then 
the job it pituxd m tbr pr&» uid tbc brooch 1b forccj ihr^ugb 




S04 FOBD IfETHODS AND THE FOBD BHOFS 

The finishing operations, considered in their regular order, are as 
follows: 

Operation 1. Rough Bore, Ford chuck. 

Operation S. Broach, broach grinding included. 

Operation 3. Place on arbor, or otherwise hold for turning, and 
force off arbor. 

Operation 4. Turn, square ends, or cut in two. 

Finally, The forming of bushes from flat strips of metal in power 
press, cut off and form one bush at each down stroke of the press slide, 
will be shown and described. 

Rough-Boring Bronze Bushes 

The tools used are 21-inch Cincinnati drillers, fitted with Ford 
universal three-jawed chuck, shown on page 289. See caption for 
chuck construction. The chucks are fixed to the driller tables, con- 
centric with the driller spindles. See the illustration on page 288, 

The preferred boring tool is a boring bar, with a screw-retained, 
double-end cutter, the bottom end of the bar being steadied in a hard^ 
ened and ground bush seated in the chuck-body. For small-diameter 
holes rough boring is done with twist drills. The lubrication is flooded 
soap and water, circulated by a two-pinion pump. 

For large-diameter bushings the cutter is ground about once for 
every 100 bushings rough-bored. The broach seen standing on its 
end at the right side of the driller table. Figure 15, is used for the rough- 
bore gauge* About 900 bushes of the largest diameter, something over 
SJi inches, are bored per 8-hour day. Small bushes are rough-bored 
with a twist drill, 1,800 per day, one man and one machine, 8 hours. 

A special machine for bushings boring is now under coostructioii, 
and is expected to reduce the labor cost of bushings boring very much. 

The Ford special three-jaw chuck is shown on page £89 and described 
in the caption. These chucks are simple, hold strongly, are extremely 
durable, and have an independent screw and check-nut adjustm^it 
for positioning each chuck jaw. 

Broaching Bore to Finished Diameter 

Although the Ford shops had a circular broach in successful use for 
some years, finishing the connecting-rod wrist-eyra, in babbitt metal 
(and was having plenty of trouble in finish-boring the bushes) no bush 
bores were broached before about April 1, 1913. It is difficult to woA 
babbitt without tearing the soft surface, and babbitt-cutting tools must 
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Iiavc ku^rii wiges lo produce ?inior>Ui work. This ktf n etlge requirement 
for babbitt broaphin^ discouragetl tJie Forti engineers in the matter of 
siting bronze bush holes wilh cimikr broaches, possibly. At all events, 
liroaehes were not trier! on the bushings until after rverj'thing else had 
been tried for the job, with no fiatisfaetiuiK BroaclKxl \nAti-i in brass are 
invariably smooth, but sonielinica spring to oval (orai where the 
broftrh drop?! through and nre never exactly 5trai^it: somclimes 
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Fiaishiog Bush Bore wiUi Cucului Bioach, under Ferracute Power-Press Slide 
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Broach Grinding, Iforton Elastic Wheel V\b to ^\ inch Thichneas, Broach Held faa 

Both Hands 

Griorkr buill hy Gncii6d>i VlAcluac Comp&or, t>fmifit]dt Mah. 

to within half fi thousandth of straight and scmictitnes an nincli as 
two or tJjrec thousandllis out of straight. Speaking geiK^rally, 
the circular broachi'd holes maybe said to be round and smooth, but 
not straight. 

Thfr aciioii of Ui<! broach Is cxlrctiirly rapid, and broarhed surface:! 
m brH.ss UK* smooth; tlic great use of the circular broach in the Ford 
shops is enough to warr&Dt a trial of broaching by any shop which wants 
to finish hoks up to 2J^ inches diameter, in brass, in large numbers and 
at low cost. 
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The broaching is done on j^eared Fcrracute prejwes, "D. G. — 54/* 8 
inches stPolce< one man only to each press, 0|KTations arc; pick up 
hu<ihing with lefK liand; pirk broach out of tmy under pm^ss bolsl-er, witJi 
rii^ht iiand; enter broach in bushing, botli bands; hold bu^hin^ in place 
under press jilide with ri^jht bund; depress clut(?h Irtvidlc with right foot 
(the broacli :ihank is nmdc long L^iough to currj' broach teeth all thft 
wiiy Ibrotigh the work, so Ihni flic bniach dnvps down iido the pan); 
finally, with ri;?ht Iiand, place bmach<vl pierc in trfly. 

By usinj; two men on a press, one helper to pick up the bu^h and 
enter the broach, the press output can be increa-ned, but llir ononmii 
work cnnnot be rloubted- 

The least 8-honr nnmber, 1arf*e holes, is about a,.^00 pieces broached. 

Sixteen holes broache<l per minute is about top speed- lle;^iilar 
proilnrtiou €»f medium-size work. 
4>000 bushes broiielied in S hours, 
with one mau and press- 



Bhixa^h Gjundinc 

With difficult sto<^k the hnmch 
may have to be ^^nnd onre in 
Imlf an hour, AVith the best 
stock tlie broach may hold up to 
size for 8 hours. UL^guIar pruf- 
liee U nurt- in j hiiiirs. 

From 12 to 24 broaches '»f 
each si/e uaed arc kept on hand 
in the tool crib. 

Breaking of small broaches is 
rarct and is caused by uneven seat- 
ing of I JR" bush on tlie prcss-bobtcr. 
The large broaches never break. 

Broach grinding h rapid. The 
broach is not placed on centers, 
hut is held in bolh hand^ up to 
an "Elastic" \orloii wheel, Vt* to 
V« inch thickness and 6 or 8 
inches diamctx^r, and it takes 
only two or three ^ mmutt^s to 
sharpen any broach. 
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Ferracute Power Press 

ForrTnjf nrtf-pT out of t»H*h nt llir sjumr timf that \t 
f'tnot uriutUiT xi'liur iiitu ftoullM^r IhuIi. See 



29B 



FORD MFrrnODS AND THR FORD aTTOPfl 




Placing Bushes on Arbors, and Forcing Arbors Out of Bushes; Simultaac^us 
Operations. See also Page 2^7 



Forcing Aruors Txto and Out of the BumiiNGs 

Tlie Iianil-workcd urbur-prras, lirat used for forcing arbors inlo and 
out of busliiiigJJ, is iiol s(> fu*! im pn-aj* work for the aainc opcrnlion, 
fthowii oil pa^;os 2J>7 and 2fl8. The former view shows llic prt'ss man 
holding a tinisli- turned Inisli on lis arbor upry^ht whli his loft hand, 
aud ail iiii-liirnHl Inishing with arbor en tcrcd uprighl in his right band 
on ihe press holster, under tht* jinras-slide. Wliin tlit* pros»-slide coniwi 
down the arbor is fortnxl out of the Icft-liaud busU at the same time that 
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the arbor is (oivod into the bush lield in tlic workman's rif:ht handp Tlie 
(orccd-out arbor drops into llic trough, S, piige W8, ami Uic pross nmn 
drups IIk- ii]ii:ih-tiirneil bu.s)i into tb« slide iii lii:« left, page 397, at the 
SAtJie time that lie ilrnpa the biisli (ind arbor held in his right hand on a 
slide, not seen, leading to the lothe lines in rear of tho press. The pre?« 
nijiii ]ia.s a htlper ."itanding at hi.s right, sliown idle In Ihis puaetl picture, 
who picks the arbor out of tlie trough, S, page 2dS» and enters it in 
another bush. The press hand tjdces the un-tumetl bash with its entered 
arbor in his rigid hand, nnd with his left hand picks up a finish-turned 
bush on its arbor and <'oniplf'les I lie lycle at bis uiovoTnenK by sf.iuiiing 




Lm&s of Bush Tumiog Lflthes. Arbor Pressos in Middle Di£tanc« at Right. Hand 
Arbor Presd on Lathe Bed at Extreme Left 

both asscnibltcs on the prcss-bolatcr, a5 shown on page 2U7, rcadj* to 

Two men and one pra^s handle about 16,000 bushings and arbors in 
8 hours, place 8.000 bu^hingti on arbors and push the arbons out of 8,000 
biislnngH. 

One man eolleets ihe lunied bushnigs on iirbors fnjm ihe bitlie lines 
and plaees them in the tray at the extivme left iu the view on page 4ft7. 

Page 2DS shows a detail view of ihc press-bolster and slide* At left 
front, on the bolster, i.^ a turnei.l bushing nii the aibm-, aibtir fljiHeue<l 
end for lathe-driving in front- At middle left, in a raised boss on the 
bolster, stands a bushing read>' to have its arhor forced out ; immediately 
above, down-hanging from the press-alidc fixture, U the round driver^ 
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marked "A." of smaUf-TdiamcttTtlian I lie arlior, which forces the arbor 
<lnwji nil I hi* wuy Mut of Uic hijsliliif^. To ihcri^^hl of *'A" k I ho short 
[iliig "B/' whidi drives ihi- arbor into tho buj^h* sUindiD^ ou Uic Ixilfiter 
at right niiddlo. At ri^iil front, u bush» wiUi on arbor oitenxl rc4idy 
for driving iii, Vws in \\iv lioUlt-r. 

TuRNlvNG THE BlSHIKGS 

See page 2M, donlilr hncof bii>hiTig-tnrning lathes, hy R«?cl-Prentice 
Co. KxtreiiM^ left, iimn at rack and pinion arbor press, old style, who 
can handle from tK*0 to ^fiOO bushes on and o3 the arbor, both opera- 
tions, in 8 hotirs, according to Ihe length of the biishing*i. With the 
I>ower press tlie lengtJi of the bushings iloes not count, long busliings 
bcinfi ban<IIe<l on and off the arbor aa rapidly t\fi diort ones. 

The arbor presses arc seen at right middle distance. 

DkIVINO ANI> TuRXING BLSUErt 

Sec page S02, whicli shows the lathe rcaily to take an arbor with 
hushing on it remly for rough- or finish-lurntng- llushings ends are 
not faced in this operation. 

Lathe Cekters 
The live center is fittcti to slide to a slioulder in tlie bead- 
stock spindle, iind is pirsM.-d oulivard by a light spring. 

The tail-center has a taper 
socket fit, usiial style, in the tail 
spindle, which has no tail-serew, 
the tuil-spindle being forced for- 
ward by a spriiij; heavy enough 
to close the livc-spindle-ccnter 
coiled spring; tail spindle has 
u&ual chiniping ^crew. 

The live spindle is fitted with 
a floating drix^T to lake and drive 
Uie flattened arbor end, and a i*tud 
fixed to the lathe carriage im- 
pinges the tail spindle front end, 
below t!ie renter, so that the tail 
spindle ean be fon?ed back ai;aiii^~t 
the spring pressure by turning the 
Multi-Tootbed Bush Turaiag Tools laLhc-saddle hand-whceh Tliis 

Sound DW ti» rDD^bcDB. aqaav nw fur GnltluEg. CUt shoW!« 20-tOOth ClTCUlaT tunilDg 
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tools used for bush-turning, and these peculiar toob are also shown ca 
page 302p These multi-tool cutters are believed to have originated with 
the Ford engineera. The first one used was taken from a Fellows gear- 
shaper; afterward these tools were tried in cylindrical form with both 
straight and spiral teeth, but have now become standard, on the Font 
bushings job, in the form shown on page 300, a truncated cone> S inches 
outside diameter, holes J^, thickness J^, 20 teeth, taper about 10 de- 
grees on a side, 20 degrees included angle, with 30-tooth V-form retain- 
ing ratchet on bottom end. The teeth are round-nose for roughing and 
flat-nose for finishing. The finish tools are set to clear on the following 
side. As there are 20 cutting teeth and the holder retaining ratchet has 
30 teeth, the cutter holder is fitted with a retention screw adjustm^it 
which must be varied when a change is made from one cutting edge 
to the next one. These cutters are ground on top at the big end, and 
one grinding gives 20 sharp tools in one piece. The cutters have 
milled elevating hand nuts on screws under them. 

Turning Bushes Operation 

The live spindle runs continuously. With the lathe as shown in 
cut on page 302, the Uve center is forced outward by its light spring. 
The lathe man takes hold of the lathe-carriage wheel with his left hand* 
pushes the tail spindle back with stud on lathe tool-post fixture, takes 
arbor with bush on it in his right hand, applies the fiat driving end of 
arbor to live center, guides the arbor tail end and lets the tail spindle 
spring force the live center to shoulder, the arbor fiat entering the 
floating hve-spindle driver, tightens the tail-spindle clamping screw, 
and proceeds at once to run the cut over the bush with hand-whed 
carriage feed. As soon as the cut is over, the workman picks up another 
arbor with bush on it in his right hand, then releases tail-spindle clamp- 
ing screw with right hand, then moves right hand to bushing and arbor 
on centers and pulls the top of hand wheel towards him, pushes the tail* 
spindle back, drops the unturned bushing and arbor down on his fingers^ 
and grasps the turned bushing with thumb and foreflnger of right hand* 
lifts right hand enough to put fresh job on centers, moves hand whed 
enough to let tail center go forward and push the arbor fiat end into 
the driver, tightens the tail-spindle clamping screw with right hand, and 
then drops the finished bush and arbor into the trough; as soon as the 
tail spindle is clamped the worianan starts the cut with the hand wheel 
and picks up the next job with bit right hand about the time the ahMt 
cut ia made, and so <m. Hie wcAman'sJMt hand doea not leiaTe the 
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hand wh^el and tlic live spindle is not stopped* Each workman turns 
alidut 4,(100 buHhcTs per S-hour day. One lallie iiiiikr?^ the rough cuts 
and another latho makes the fixii^ihin^ cut**. Two helpers place the 
arbors aiid bushes conveniently for the luthc men. and from the finish 
lalhe ihe nrborfi and bushes go to the "put-on" and "take*off" power 
press, as shown on paffos 297 and ^98. The operations are performed 
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Bu&h Turning Latii«, with Spring Live Center and Spring Tail Spindle 

An ftrW Willi buih "(i it, TeaJy lo lum, iiw no top->f iKo TuiUUxk in f mnt of oliiTiipinfl ktcv. Otip Lmf- 
huWk-r. wilhMI) [flolh riffulnr ruUi-r, Uihown in workint" P'^^i'"*- ftin* Jim^rhrr Imt ]r«r in-rlini llirUtlia 
c»mM|Cr» miild]f Imnl of picluir. to hIiow rlir (jHil'tHnl rmiAUtii Una Mkd tljc tU^luuLh iinuW tuttrr. 

Sw ubu pa£v 30;l 

SO nipidly that it h difficult to follow the vari^Ml p<*rrormance» of 
liic man's right hand. 

It will be noted that the latheman has a bush am! ar!w>r in his right 
hand both when relaisin^ and when tiphteninR the tail-stotk clamping 
strew with that hand, and also that he has a bushing and arbor in his 
right hand when he takes a bushing and arbor olT the lathe centers, and 
that he cirops the fresih bushing and arbor down on his right liaiifl serond 
nnd third fingers so that he ran p-asp the tuniai bushing and itfl arbor 
with his rlghl haml thumb and fdrc-finger while he Ufta and places the 
fre«h job on the lathe centers, all of which iteeni* very awkward. Imt is 
really a great saving of time and hand-travel distance over ordinaiy 
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practice which would handle both the two arbors and bushes with 
the right hand. 

These turning lathes do not square up the bush ends. Some 
of the bushes are made two in one piece and are cut apart and 
have ends squared to length by subsequent operations on expanding 
arbors. 

The bushings department has a line of ei^t new special Reed-Pren- 
tice lathesi which are expected to change the entire routine of bush 
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fiiuhinea F^nnlna Die 

Punclt Up 
rOttD MOTOR CO. EITUB. 



Middle Cross-Sectioa of Bushing-Forming Dies at Right, Punch Down; at Lef^ 

Punch Up 

Sec pages 304 uxd 305. and t«t. 

finishing; expanding arbors are now being made, and practice is not 
fully determined. No illustrations are given of this new line of lathes. 



Bush-Forming Dies 

On pages 303, 304 and 305 appear views of a bush-forming <Ue» 
which cuts off lengths from flat strip stock, steel or braas, and forms up 
a complete bush at each down stroke of the slide of a single-acting 
power press. Formerly many bushes were made by cutting lengths 
from ateel or brass tubes. 

The Sat strip is fed by hand, between side gauges, to a stop. The 
punch descends, first cuttii^ the blank to length, and then continuing 
to move downward fonna the blank U-shapej at' the end ol the puncA 
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<Iowii-Hlrnke. TIk* jmiidi Hn-n rlw^.s ami the ejftjtor, spring-forced 
oulward, is released by rising; of tlie wedge fixed to the punch and pusli 
the U-blankoiil ward so that it hangs on the "coaxing" arbor; dee iMMr 
of pnnrh /ind di(v r>p*^n titul v\tM<i'i\, on pasje 303. 
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Front View of Bush-Forming Punch and Die, in Place in Press, with Strip of Stock 

Ready for Ptcks Sii<dc Stroke 

Ad inserted V-f*>nn l"i-!iiii*c> blun!* u. ».i-ij m fruul of itook-ilhii. hub^iii^ <>» tin- ^'timx'ui^ jtrbur," 
pop iS09 Noft lhTx< tlu^tvt at iaiMhibg* \ym^ uid AtAnilmg im Ih*- pmv bi^Utw 

Next the strip is fed as before, and the descent of the punch nits off 
astH^nnd blank ami forms it in asec-onil tT-blaiilcTai tbe K^ttne lime Toreing 
the first INldank hiin^iii^ on Uie euuxiii^ arbor downward, llie inverted 
U-cnda striking the die seniieipcle, and forming the first U-hlack into 
ft cylinder, which is ejected when the punch next n^es. 

The cosixin^ arbor and llie U-I)l(K'k are inte^ml, and are set on n 
lifting spring retniniHl by a down-hanging shoidikT screw, so that the 
coaxing arbor and U-b!ock can go dovrn together and be returned to- 
jfether a-s tlie punch riseji, until slopped by the nndernt^lh shoulder 
ficrcw. 
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WIicii ILl' puucli risfs llit- >L"<."<jiitl tiinc ihc t'joctur pjsbe?» the second 
U-l>lank outward, wliicli forces Iho complcU'iy formed bush off from the 
coaxing arbor, Ibus making room on the coaxing arbor for the second 
U*bUiLk. 

Springs and Spring Flunggrs 

The .sh**aring blade* is fixpd to the jxiiich body, and U cul in the 
middle of its under side to a half drft.>, i'> fnr-m Utc top of the inverted 
U-bcnd. A spring plunger is 
fitted in ihc middle of the half 
circle, which acts as nu ejector 
when the |>uneh begins lo rise, to 
Force the inverted L"-blank to lie 
down elo«r un tlie I'-bhirk. 

Opefhtion 

Slt "Punch Up," in Hie lihw- 
Iration on page 303. In deseeiid- 
ing, the punch wedge move3 the 
ejertor In the riglil. so that ihc. 
ejector-fork enda at the left barely 
dear the blank as the punch foreea 
the blank downwarri after shear- 
ing \\}e hhuik from llw^ flat strip 
stock, and fornu* the blank to in- 
verted T"-sha|>c at the j^amc time 
(save ill Htarting xtrukc) fomting 
the inverted U-slm|)c to a [RTfeet 
O'liiider around the coaxing arbiH'. 

When tlie punch begins to rise the ^mall spring phinger marked "S,'' 
in ** punch duwn/' hohls the !nv<^rtei! T.^-blank on th<^ **U-bK>ck'* up to 
the time when the ''ejector" iM^ia^ to move the inverte*l l^-hlank to 
the left, pushing the completely formed bush off the coaxing arbor to 
give the U-blank place on the cnaxing arbor. 

This bush-forniing die is given spacL^ becan«." it is new. and ean make 
6i bushes per minute, completely formed, and heiiec may l>c of use to 
the trarlc at large. 

The fitroke of the press shde is 3V? inehes; siiTiihir dies nuike bushings 
from diameters '/» and "/« by iVa iuehes long to diameters Vi and 
1 inch by iVi inche:^ long. 
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Left Hand End of Bushfngs Formuig 
Punch and Dio, Puncti Up 

StAff tjiwliLiifi un ItMnl mil lit iKilHlrr 
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In April, 1913, 984 hours were required to equal present pKxluction 
of bushes. Now (October, 1914) the bushings department perfonns this 
work in 480 labor hours, at about one-half the cost. 

What the cost will be when the press-formed bushings are plticed 
wherever they will answer, and when the eight new lathes are working 
up to expectation, is a subject for conjecture only, but may, possibly^ 
split the present cost in half. 



Chapter XII 
SPECIAL MACHINES AND FIXTURES 

THREE years ago, I heard a story about the Ford Tool Designing 
Departmentp I have not attempted to verify the incident, but 
judging from observations, made during the past few months, I 
am satisfied that it could have easily happened. It seems that one of 
the representatives of an eastern concern had been called into conference 
with the Ford engineers, regarding the design and building of a machine 
for a certain purpose. In going over the drawings, the Eastern Manu- 
facturer suddenly pointed to the blueprint and said, "This is evidently 
a mistake. You specify an output of 200 per hour — this, obviously, is 
wrong; you mean per day.^^ "No, I think that is right,'' said the Ford 
man. "The designer of this machine rarely makes a mistake, and if 
he says 200 per hour, I believe he must have figured out some way to do 
it. You know we check things up pretty carefully here." A heated 
discussion ensued, in which the Eastern Manufacturer pointed out that 
40 per day was considered a fair production on such a part. "Well, it 
is easy enough to find out,'* said one of the Ford officials; "just tell the 
man who designed this machine to come in here a minute/* The man 
came. The output specification was called to his attention. His only 
comment was, **Well, what about it?" "You can't do it," said the 
Eastern Manufacturer- "There is no machine built that will do it< 
Two hundred an hour! Why, it is out of the question," "Well/* 
said the engineer, "if you will go down into the machine-shop on the 
main floor, you will find a machine doing it — we built one to try it 
out, and it is doing what we thought it would," Needless to say, the 
discussion ended there. 

The Ford factory is filled with such machines- During the course <A 
the last three years, over 140 special machines and several thousand 
special dies^ tools, jigs and fixtures have been made. Fifty machines 
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and 2,500 to 3,000 jigs and fixtures are not coasidered an unusiud out- 
put for the 55 men employed in this department. 

Improvements are constantly being introduced- Hardly a week 
passes when some radical change is not made in the various departments. 
The less efficient machine is displaced by the better one. Not only the 
Ford engineers, but the men in the shop, are constantly trying to do 
things in an easier and better way. 

Like most great inventions, their best machines are often the simplest 
— so simple that when one sees them for the first time, the same old 
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Sketch of Autocaatic Rear-Ajde-Poiating Machiae 



question arises — "Why didn't I think of that way before?" Of courae 
some of the machines are complicated. They can*t help but be. Th^ 
are required automatically to do several different things; cam motions, 
toggle joints, links, automatic trips, intermittent motions, all these 
demand complicated looking machines, at least- In some machines the 
action is so complicated that wooden models are made before the design 
itself is completed, to test out all the motions and see that there is no 
locking point or other interfering element. The machines are frequently 
laid out full size, sometimes on a black-board, sometimes on a floor with 
chalk of different colors, sometimes merely a perspective drawing ia 
Bufficieiit. 
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PaIXTIXC the RkAH-AxLC AMAEMBl.Tf 
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On page 308 i^ sliowu suc-li « iskclcli u( a iiiiiC'liiiKs just dcsigiii-d for 
automaticully piiintiug the roar-a\Ie assembly. As explained in the 
chapter on paintiiif^, the rear axle was foniierly dipped in a tank of 
ei)iitj(el> by Imnd. It liad lo l>e handled ^t^veral iintp-i ami livo nien were 
required to do tlie work. WitJi this new machine, it will be p<^sible 
for one man to hang the rear-axle assembly on a moving chain which 
will rarrj' il up over the liink. When it. ha** reached this point, two 
levers will automaticatly thrust protecting thimbles over both enAi of 
the axle dhaft, tlic paint tank will travel up aix feet, completely im- 
mrrsing the rear axh* in the painting llquiib immf^dialcly n^tuniing to 
its tormtTposilioii, after whit-h tht.' part will proceed on ils way dawn the 
track to the baking oven, d^ before. A coniplete cytric of oiKTalions will 
be p<Tfonncil in thirteen seconds; so it can be readily aeca how cattily 
and rnjiidly Uiis work can br dime witJi the new riaeliine. 
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Rear End of the Crtok-Case-Annealing Furnace 

SbdViDg cooling XiyKer in pmcne of coTuTmn'liai. Canifn %rv iIiu^vti un lEir Otmr m Iho fimgraiuid 
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A New Cooung Tower 

Evei?' minute that n part is not in procet^, it is taklnj? up space and 
costing monpj". Thox-f ore, the Ford engineer* have, in a vcT>'common- 
M^nse wa/p Irietl lo eliminjitr all hreaks in a ijrot<es?4 lint-, and handle the 
matoTUil III such it way that It will Ix' under^oiu^ j^oiiie ikhxITuI o[M?ration 
at all times. For instance, iiiiniediiilely aftiT the druwmg opcrutiou on 
the crank ease, it t» necessary for this part to be annealed to n^lieve the 
9trH!n isel uy) l>y Ihe very eoiisiderahle draw required In foriri ihis piece. 
While these annealing ovens liave been located near the-se draw presses 
for some time, yet a eonsiderable amount of handling has been ncccssaiy 
even with ihU favorahle arrangement. Not. ronteni ^ilh this eondi- 
tion, the Ford Company now proposes to erect a eombination annealing 
furnace, cooling tower,an<l endless-Iielt conveyor whieh will receive the 
part immediately after its drawing operation, anneal it, coo! it. under 
thi^ ino*t favorahle of slowly dec^n^asing lenipernlures, aEid deliver it to 
the next pn^s in proper condition and at a low enongh temperature for 
its next drawing operation. Briefly, tliis innovation will consist of 
an annenling furnace with a charging door at one end and ua upriglit 
chiimiey lower ul the nther. 

In this towcfj whieh acts in a dual capacity {as a means of carrying 
off some of the gases, and also as a slow cooling c^hnmber for the pari 
t>eirig HMiieal(.Hl) is an erid!e>is-cliiiin eonveyi»r pruvid*-<l wilh carriers, 
onto which the heatcfl crank cases are *ihov<.Hl through tJie rear opening 
of Ihc furnace. The part travels up one side and down the other, where 
at a suitable point near the bottom, it 18 automatically relca-sedand slides 
down to its pbuv in the pile near the nevt <Iraw press. The illus- 
tration on page 30D shows the constnielion of this new labor-saving 
combination. 

Souk Spkcial Radutou Machines 

Vp in the radiator deparlmenl in the new building on Majicheater 
Avenne, will be found another good example of the manner in whieh 
work in progress is carried through a funiacc. Here, the operation 
i$ iOic of soldering. In the imme<liaic b^tck-ground of the upper illus* 
tratinn on page 311 will l)c seen a riirniu-e with two transverM' openings, 
an endlessH-'Iiaiu conveyor equipped with hanging frames, and the 
ncccssar>" mecluLnism for driWng it. This conveyor travels on equal 
distance from each end of the furnace. The work is fed in at both ends 
and taken out at both ends, the operation is practically continuous. 
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The radiators, consisting of 
fins and tubt^, are built up. as 
v'ill be di*scril>c<i later. supplic<l 
villi voider and insiTlrd in tlic trav- 
fVing fninies. Carrit-d along by 
the conveyer, llioy tru\'t*rse tlic 
fumncc which is kept alatcmpiT- 
aUire of 7JiO tli-grw-s. Tn tliis way, 
more than 1,900 radiators can be 
soidercd cvcr>' K hourSp 

The timkiii^ <if a rmlintor wiis 
furnierly considered a verv difli- 





Pimchlng Radiator Flos 

Ford Allachmrrjt U^ h lUjidurd pncit 



Special Soldering Furnace in the Radi- 
ator Depaitment 

(ult operation, but Ford ingenuity 
huti made it a very ainipic opera- 
fion. 

As IS gcTiendly kiiowTi, ii Ford 
radiator is made up of a large 
niiml^cr of transverse brass fins. 
inicrseclefl by 95 vertical 1ul>e^> 
The problem that now arises is, 
how to get these parts together in 
the sliortcst possible time- If you 
liHVe ever Iried io put 95 1u1>es 
through even one strip of thin 
br»55, and then 6t Ihcae sanic 95 
tubes through the hole* in several 
doxeii mure, yuu will realize how 
dillicult it is to aceomplif^h this 
operation successfully in a short 
length of lime. Putting the pjigi<s 
ill a loose-leaf ledger is bud 
enough— ibis is a thousand times 
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Making the Ford JUdUtor 

worse. In the early stages of the auloHiobilc induHliy, liiis work 
was tlooc by hand. Gradually, of course, oIIrt iiKrthod^ were adopted. 
Hut, while thr fins arc racked^ the tubos nrc atill put in by liaud in 
Suuir tit lh<" ratliator raftories. 

Therefore, to swrc u radintor made in \he Ford faclory Is an inleresl- 
ing experience; one tlial will not soon he f<>rpotten. The photograph 
oil this page shows liow tJiis is done. Two types of racks arc Used— one 
like Ui;(1 hhuwn in the- Mi forc-gruund of Ihv pirtun% for ^^tac^kin^' up 
the fins ready for the insertion of (he tubes; Uie other, bearing n marked 
Tesemblanee to an old-time candle mold, receives the tubes. Xow 
rnmes the interesting part —after these two racks have btien filled* the 
one eontaiiuiiig the fins !,s pliieed on the metal table in ihe center; tbo 
one containing the rods is poj^itioiied opposite it, so that the tube holes 
in the fin-frame are in direet hue with those of the lube mold. Mounted 
jn the center of this tabic and moving under power in cither direetion^ 
at the will of the o|ierKt^jr, i^ a ram* on both ends of ^shich mv S)5 pro- 
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jcctiniT rods locat^Mt and spacc<l in 
act'onliuwv willi the doles iu Ihc 
radiator molcK Tltert'fore, afl^r 
the work is nil in place, iheoperator 
simply Maii^ the machine and ihc 
tubt^ are slioved out of oiii^ muld 
inlo the otiier, coniplclinR the 
whole joh in one operation and in 
a remarkably shurt tim<r. Thr 
Jiuichiiw wurks ui both dirt^'tioii^ 
so that when the ram is beir^; 
withdrawn from one set of molds, 
it IS foiY-ing llu* t.iib<*s inlo tin- 
cotresponding one on the other 
side. This machine has a capac- 
ity of 1,^0 mdintor cores every 
8 hours. 

In the same deportment is an 
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Side View of Uydr&ullc Solder-Makins 
Modiiac 



Fonoing Solder Ribbon on the Sold^- 
Mitking Machine 

oilier very inUTcsling Fon! ma- 
chine, or rat)ier an nttaehmeut 
wliieh U fitted to a standard press. 
Il is sliown in the lower ilhiMra- 
tion nn pa^ fill* It will turn 
out S.^>.000 radiator fins cveri,' eight 
lionrfi. Ribbon brass Is fed in from 
a rcvl oTi the left side of tlie ma- 
chine. The e<.lKc's are rolled up 
and turned uvcr, 1*5 holes pimolicd 
and the piece cut olF automatically'. 
It runs v\illj ati interruiltent uio- 
lion, alToctcd by the use of a ''Ge- 
neva earn movement-" Entirely 
»u1otnalir, it will inn eontimiously, 
with ver>' Uttle supervision. This 
machine has increased tJic output 
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MakiRg the Ford GaBoUne Tank 

o( fills FroitL six to seven thousand per dfiy. over the liaiid-o|H'r»ted 
machine formerly iiscd. This is ft chftriteleristic example of Ford policy 
iu incTea^ing output and reducing labor eoat. 
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Gasoline-Taiik Rolling Machine 

Makixu tuk Fuku Gaholink 
Tank 
In the gHsoliric-taiik do]Kiti- 
mcut there aro two motliiuvs an-l 

fixtiiix*^ u'liK'li .lit' well 
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BAod-Soldering a Gafioline Tank with 
G&fl Flame and Wire Solder 



RcUmg ID Ends of GasoUao 
Taaka 

worthy of extended mention. Xot 
(inly the niacliines employed in 
(onning. bnt the iiu'thod uwd in 
soldering are unusual. The yul- 
vaniwd iron is firjit bknked ojt 
on a prc3S bhown oti pji^t^ SH, 
that tunu up the sides, piinehes 
the filler and dediincnl-eiip holes, 
and cmt>us>4e.< tJie rihs. U then 
poes through a set of rolls that 
hems the edge aiid shapes the har- 
tal on rolierSj jJiown above, at the 
left, on tikis page. 
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Above: Soldering Loagituditml S^un oj Q«soUn« Taok. 
Below: Tcstjnc Tftoks with Compressed Air under Water 




SPECIAL MACntKEA AXT> FIXTmia 



917 



It IS then delivered to a mn- 
chine dt^igned and built by the 
Ford Motor Conipsmy for tlie pur- 
pose of "rolling in" the ends, 
shown in tlie right-hand picturi 
on pagf Sl;i. Tn .-u-lion, it is.sini- 
plieily itself, but the mechanism 
operating the rollers is rather 
coniplieateiL Briefly^ it ron>i!sl.s 
of two sets of revolving *iplndles, 
upper and lower, the latter pn^ 
vided with a link motion whirli 
vuables them to be raised or low- 
ered at will, by ineau^ of the lever 
shown at tlie loft in the illustru- 
tioii on pag*' 315. Tliis lever con- 
trols the left-hand spindle, a simi- 
lar one on the other side opcrulinij 
the right-hand one- The nmrhirn- 
is designed to ntU in tile etid» oi 






Filletinc: Craok-&luft Dealings 



Testing Transmission 

the gasoline taiik. Tlie o|KTatioii 
is as follows: the workman picks 
up a circular didc forndng one end 
uf llic Uiiik and pliices it oil the 
lower horizontal revolving plate; 
he then placets the cj'liudrjcal 
lioily of th** tank on lop of this, 
adding another tlisc which serves 
a& the other end. A swin^ of the 
Hoot lever elevates tlie whole as- 
sembly until it is Hccm^-Iy clamped 
between the two rotating face 
plates; the power is then turned 
on :in<l the iip|K-r aTid lower n>lls^ 
niomited on the swiui^ui^ frame, 
gruduully begin to approach the 
cndsof the cylimlrical tank. Asthe 
top ttod bottom di»cs are greater m 
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diameter lUen the touk-botly flnngc. tlic>" begin to curl over as \he rollers 
travel toward the bcniy, until finally both end joints are securely iiiaih\ 
At this puiut the roll(>r« arc automaticLiIly willidrawn and resume their 
former po-sition; the power is turned off. the door Icvcr tlirown back, 
and the tank lifted out. Tim result U ncconijjhslicd by m<*ans of a 
ver^' higeninus sysli^iii nf rarn iikiIioils. As [hv Apht^h pliitcs liavu been 
soldered in, pre\Hous to this op- 
eration, the tanks arc now prae- 
irally complete and rearlj- for 
final solderiii;?. 

The circular joints arc sold- 
ered by liaad {page 315), by 
iiieanji of a ^as tori^h. /Vtler the 
filter plufjs and sediment cups are 
added, tlic tanks arc tested under 
air presMirt^ in water as shuwn on 
page 31 Q. 

The longitudinal seam is sold- 
ered in a novel manner on a spe- 
cial Ford M>lderiiig conveyer 
shown on page 316. A strip of 
Bolder wire cut lo siac is laid 
aloii^^ the seam, ftolderin/? fluid i.s 
brushed on> and the tank, in u 
moving-chain trouglu is carries 
under a aix^jct gas flame which 
nielU tlie solder and completes 
the job. 

In this same department are 
two i-itllier inlei*esting die fixtures 
lised for mnking tie-straps for the tanks- Tlie left-hand picture on 
page 318 shows one with itfi finislicd product, performed in one opera- 
tion. The right-hand picture on the same page shows the other, which 
carries two die;* required for tlie fornung and pcrtoniluig uf lliis piece, 

Spkceal Machink and Cuttkk-s koh Filleting Crank-Siiai-t Bi-i.iR- 

INGS OF CVLINDER 

Located just off the main ai^le on the east side of the innui craitevMl]r» 
arctwo interesting filleting machinea^ one of wLicli is shown on page 317. 
Simple in operation and very eificieGt, they play an ini[>orinnt part in 




Spindle Punch - DiiiJiiit M-iuinur^ iHi 

Making Wood^Screw Holes in Flooi 

Boards 
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Small Filing Machines 
Twu vt muiy muM puwcr nucblnci jcnltcn-il rhrunhiKMii the Fonl Ktki>pii tor flUng ud burrtog tnog^ 

•djcn ft\iiti viwll |iur1fl 

tin' rapid prodiifrlion work of tlie Fonl rylind^rs. A-h will l»e noteil 
in llie ac*con»panymg photograph, Uie rutters are mounte<I on rapidly 
rolatin;; shafts rontroHcd hy a hand lever which moves the ciitlrrs to the 
right or left* The cylindfT easting, upside dnwn, is depomtrtl on a re* 
coivnug table. When ihe lever is in neutral pofcitiuii, cutters arc equi- 
distant from ihc bcnrin^s on either side. A movement of the lever to 
the right, fillets the lefl-hund aide of the bearings; a mowmcnt to Uic 
left fillets the right-haiul side of the beuriiigs. The oijeration u pcr^ 
formed in le^M time than it takers to tell about it and little care h Required 
to perform the operation perfcetly, because the movement of the lever 
}s limited in both directions so that only tlie proper amount of metal 
coxi be removed. 

Testino Transmirsions 

While in other faetories tlie various testing marJune?i for trjing out 

minor asscniblies arc usually grouped by themselves, in the Ford factoiy 

Ihcy art' placed in tlie process line if possible- 
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Ford Machine for Fonmng and Quencliing Spring Leaves 




Cam-shaft Grinding Machine 
3£1 



■wtiB ''^^k^ m 




1 

.1 /« 




1 


aJ3! 


■ 


■ft- ttr:- 












^^^^^^^^L 


.r. f \' 




IB 


r i& li 1 ^ 




■■ 




jtab- 


■ '^ 


^Hi 


%W\f 


'>'iJir 


' » 1 


\V4 / 


HJf 


mm 


• ' 




Uf| 


- .rt i -^ 




IE > fj^^ _ .**™ 


r- 

1 






t/3 




SPECIAL lUCHINBB AND FDCTUBEB S23 

The upper figure on p&ge 317 shows the special machine designed 
by the Ford engineers for testing the transnussion. Mounted on a 
suitable connecting shaft, the transmission assembly is caused to revolve 
and the planetary gears which make up this unit are tested out sepaT'^ 
ately. 

The three lever brakes, each of which can be appUed s^arately, 
make it possible to operate and test the "reverse," "slow speed/' and 
"brake," in a very short time. This machine is located in the trana- 
mission-assembly line. The elements of the machine are clearly shown. 

Spindle Punch-Drilling Machine for Making Wood-Screw Holes 

IN Floor Boards 

On page 319 is shown a special attachment which has been added to 
an ordinary press, for the purpose of rapidly "punch-drilling*' holes' in 
wooden floor-boards- This machine requires no extended explanation, 
as its operation is readily understood* 

Power Filing and Burring Machines 

Scattered through the Ford factory are a number of power filing 
and burring machines for cleaning up the edges of gears and taking the 
burrs off the edges of small parts. The cut on page 320 shows such a 
machine. Only the rotating spindle projects above the work table. 
Sometimes the rotating spindle is set in a horizontal position and carries 
a circular file face-plate against which the work is held. These machines 
present no unusual features, but like many others machines of like 
nature, add very materially to the capacity of the shop. 

Forming and Hardening Spring Leaves 

Down in the north-east corner of the machine shop, a very interest- 
ing machine is being installed, which is to be used for forming, and 
quenching spring leaves. See the upper figure on page 3^1. It is 
entirely of Ford design and presents many novel features. It is made 
up of two main parts — a large steel box acting as a tank for holding the 
quenching oil, and a rotating frame shaped very much like the paddle- 
wheel on a Mississippi steamer. This rotating member, controlled by 
a rather complicated cam motion, has six projecting arms revolving 
from the front to the rear of the photograph. On each one of the 
"paddles," two jaws are carried; the outer one stationary, the inner 
moving in and out automatically. A hot spring leaf is taken from the 
furnace and inaerted between one <d tbese sets of jaws. . Freasure on a 
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trip pedal near the floor closes the jaws automatically^ squeezing the 
steel to shape and causing the mechanism to rotate through an angle of 
60 degrees. It stops automatically in a position so that the next set 

^ of jaws is ready to recei\'e another spring leaf. Simultaneously witli 
these actions^ the leaves are allowed to drop out on the other side, 

Jp which is the front of the picture, as shown. A tilting shelf swinging 

S through an angle of 90 degrees automat ieally places itself in the projjer 
position and at the proper time to receive the quenched leaf as the jaws 
release iL A further movement of the machine causes this shelf t« 
to a verticiil position and the spring leaf tumbles to the floor. 

Cam-Shaft GniNnrNG MAcnrxE 

n page 331 is shown a cam-grinding attachment which has been 

[gne<l lu fit H regulation grinder. Mounted on trunnions so that it 

will swing back and forth in order to 
follow the outline of the master cams, 
this fixture holds the cam shafl in 
position in front of the grinding wheel. 
By moving the carriage back and forth 
it is possible for the workman to bring 
the successive cams opposite the 
grinding wheel. Inasmuch as the earn 
shaft virtually forms an extension of 
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Cain-SLjEi Shiipmg MaL;liine of Ford Construction 



th(" shaft carrying Hio niast^'r cams, any n'ovoii>(*nt of the laller w 
dupllcalrfl hy IIh- fnrriHT. Il ih only nerrssary for tlie uperatur lo 
move the earriase longitiiditially from one cam to the other- A mid* 
die bcnrini* prevents the cam shaft from spriJit^ing nut of Unc, 
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This machine has a capacity of about 115 cam shafts every eight 
hours, an increase of about 25 more than that secured with the former 
method of grinding. 

Special Ford Flt-Wheel Balancing Machine with Drillino 

Attachment 

The drawing on page 324 shows a special machine designed for 
balancing fly-wheels. A combination of an electrically driven drill and 
a wheel -balancing mechanism is unusual. It will easily be seen how 
such a combination of two operations, making It unnecessary for the 
fly-wheel to be lifted out and taken to a drill press for each drilling 
operation, makes for increased production. 

Cam-Shaft Shaping Machine 

Page S'^5 shows the most unusual and interesting machine to be 
found in the Ford shops. It is entirely of Ford design. Cam shafts 
were formerly cut on milling machines. It was a slow process and 
rather expensive. The cutters cost $8,50 apiece and one man was re- 
quired to operate each machine. Therefore when it is known that this 
machine has increased the capacity from 90 to 275 and that one man 
can supervise three of these machines, it can be readily seen what a 
wonderful increase in production has been made by the utilization of 
this entirely new method of cutting cams. 

In action, this machine is essentially a shaper. It carrieSj however, 
eight cutters, so that work is done on all cams at the same time. The 
tools are controlled by a system of master cams which bear down on the 
top of the cutting tools and insure a positive cut on the work. The cam 
shaft is driven from both ends and supported by a bearing in the center. 
The machine is electrically operated and the cut is controlled by means 
of a stop regulated by the hand wheel shown on the right-hand side of 
the picture. The cutters, which are held against the master cams by 
means of springs, move up and down in accordance with the cam outline. 

This machine has a capacity of ^75 cam shafts per day of eight hours. 
It takes about twenty seconds to load, and less than two minutes to 
complete a shaft. 

Needless to say, in this chapter attempts to describe only a few 
of the many interesting machines and flxtures to be found in the 
Ford shops, but those selected illustrate the simplicity and directness 
which always characterizes Ford design. 



Chapter Xm 
THE FOUNDRIES 

THE chapter on commutator production showed a small alumi- 
num foundry located in the commutator-department machine 
room to avoid needless handling and transportation of the 
commutator case. 

Save for the commutator-case founding, all the Ford castings are 
made in one foundry, under one managerial head. This mam foundry 
is equipped with many novel mechanical aids to labor-cost reduction, 
each one of which is here separately illustrated and described in full, 
and all important particulars of the foundry practice and the labor man^ 
agement are given in suflBcient detail to enable the reader to understand 
fully all the means and the conditions which help the Ford foundries, 
gray-iron, brass, and aluminum, to obtain their very low production 
costs while paying higher wages than any other foundries in the world, 
and paying hour rates only — no piece work, no premium scheme — to 
all workmen. 

Mr. Robert Thurston Kent, in a recently published article on foun- 
dry cost reductions, said that any man who said he could lower costs 
in any particular foundry within six months from the beginning of his 
eflForts was a fraudulent pretender, and a man to be avoided, since, 
even with the soundest pra<!tical knowledge, no foundry-management 
expert could hope to show notable and consistent labor-cost reductions 
in any foundry' given into his hands for betterment, inside of two years. 

Circumstances alter cases. The Ford foundries actually reduce 
costs every day, all the time, continually, and no Ford foundry worker, 
from top to bottom, ever shows the slightest hesitation in obeying any 
new instructions whatever. 

The big foundry is now working about 1,450 men, all told. Of the 
moulders, about 55 men, in the "jobbing" department, are thoroughly 
skilled, all-round moulders, the very best that can be obtained. Of the 
other moulders perhaps 5 per cent are skilled moulders and core-setters. 
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The remaining 9.^ per rent arc aimply »p€^(nalizctI laborers, many oF 
them foreigners wlio ImJ never *eeti llie inside uf a fuundrj" and eould 
not Hpeak :i word uf Enyli?Ji when tbey began; were given one pieo« 
only to put up, Icarucd the "trade*' in two days (if a nntn ejuiuot jcam 
to put up a smulII, plain job in two flays the Ford foundry bo-wes pa»* 
liiiti np ;is hnpeless) and l>egaii 1o Inm out a fnll day*3i work of ^ikmI 
callings on Ihe iJiird dfiy of employment. Of the 1,150 hands on 
the foundry pay roll about 1,2W arc rccd\nng $5.00 or more for S-houra 
work- The remaining ?30 are drawing higher hour ]>ay than Ibej' 
coiil<l obtain in any other employment within their own knowledge, and» 




Ford Foundry, South Side frora East Ead, Showing Overhead Monorail 

speaking broadly, it may be said that not one *iinglc man in the Ford 
fomuiries. working in any capacity whatever, knows how or whore he 
could better his pay cheek. 

These pay conditions make the workmen absolutely doeile. New 
regulations, important or trivial, are made almost daily; workmen are 
studied individually and ehau^^'*! from place Irj jilnce with no eause 
assigned, as the bosses see fit, and riot one word ut prute-st U ever A]}oken, 
because every man knows the door to the street stands open for any 
man who ohjin-ts in any way, ^hape or mamier to instant and iinquestioa* 
ing ohedienci' lu any direction's wludever 

WTiat follows should l>e said here, to avoid the possibility of in- 
ference that any workman, however ignorant or tmskilled he may be, 
iiiever subjected toarbitrarj' or inconsiilerate diseharge from the High- 
land Park shops. First, no department head has tlje power to give aay 
workman his final discharge. All any department foreman can do ifl 
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td notify' the tinip ofKcc that a certam man is no longer working in h!s 
depart iiwmt, Bofnri' a ilrpHrliiieitt h(*a<i n'jt'cfs h man vvvry elFort Is 
made by ihe department head to find a place in lue own department 
where the man can l>c profitably employed. The workman's own story 
obtanis attentive hearing, his physH'al liiiiilniioii?^ an* eorisideR^d, and 
ever;V" effort Is miidc to place the workman wliere lie ewn he suited liim- 
sclf, while he is giviiyj profitable fiervice. In case the depitrlmcnt head 
ran find no such place for a nian, then tJie discarded worker goes before 
8 board of liiglier olTtetHls, wlio give him a full hearing and try to plucv 
him in some other deparlmeiil of the plant, so that a workman must 
show very decided all-round incapacity before he is finally discluirgi^d. 
Free medical treatment is given where needed, and everj' man who once 
enters llie Ford service is given e\'er>' assistance, so lon;^ as there seems 
to be any chance of mutually profitable relations remaining. 

IJiii. willful insuborflination is, of ciourac, absolutely intolerable, and 
Ford workers must be. first of all> docile. 

The following ineideiil give^ strikhig e\'idenee of the Ford consider- 
ation for workmen acnously in fault. 

It is a hard-and-fjtsl nileof tirdinnry factory ninnagement that when 
two workers conic to blows in working hours botl: shall l>e instantly 
paid off. discharged, and put outside of the factory walls never to be 
Inken back agjviii* 
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Til till- foiniflry <ifli<*»- iiiy ullfiitinii wii*t »llr»rUHl hy a sn\uil man 
gtnndinf; liuddlfHt in one comer wT(h his hands in his overcoat pocket's, 
wlio trl<>wcrcd and shook hU head in omphalic negation, while a much 
largtfM" man falkj^d In an inlerpr<^i**r who iranshited Ihe larger Tnait*.-< 
story to the foundry head: the latter said nothing, bill presently periciled 
two slips of paper, pave tliem to a messenger boy, and the niessenper 
convoyed the small man and the larger man out of the ofBce door into 
liie foundry. 

In reply to question, the fomidr^" head said that the small man and 
the larger man were second-shift core-makers, that the ^mall man started 
fisiieiiffs Willi Ihe Ijir^^rr man tlu* ni^hl previuu?s ihal tio <vrtain infur- 
matiou could be yuinud by crL^ss-exiimlimlion, and that be had sent 
one man to the cupola charging-stage for a week, and tlic other one to 
tiic cyliiidcr-sitmkc'Otil gang For ^ix dhys^ and ttiat the fighten^ would 
liolh be very glad Lo return tn their benches. 

The Foundht Bttilding 

Tlie designer of the main gray-imn fnundiy building aehie\'ed no 
great triumph in the way of a his Fouiulrj* building. The venlilation is 
now very far from what it should be; the air during work hours cannot 
be endured by any workmen save those possessing respiralorj' organs 
of the musH robu*^l description, and many visiton; are uuuble to walk 
tlirougii the Furd gray-iruu foundry in working hoitns because the>" can- 
not breathe the air. 

Olhi.'rwis(- llinn in llie mutter of vcnlilatitjn, all working coTKlittons 
arc of the very best. The hours are short, only 8 of the S4, cold pure 
water is everywhere at hand* goggles and leather leggings are supplied 
by the company to Ihose liable tu afTident from mollen melal, and no 
man is worked beyoiul a rejiMJUuble e-xerliun of his niiis<^ular powers. 

When Mr, Kent asserted that at least two years of hard work were 
needed to make marked an<l cerlaln headway in reducing costs in any 
one piirticuiar foinnlpk . he hut] in view, first the inertia of the manage- 
ment itself, wliieli certainly desires hibor-eosl reductions and just as 
certainly maintains a *'contfervutivc"' attitude of deep respect for the 
traditions of iI.h old, Itononible and deservedly trusted head men. While 
fully eonvlnrr-d that labor-citsls can lie and should be and must be 
reduced, yet from habit, the management defers to the opinion of it« 
own men who are always opposed to the edict* of the expert cost^reduccr, 
who i bus has every man in the place against him, in his inner conscious- 
ness, though uU may really desire a general betterment. Hence the 
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tflbor-co3t-reduction expert must move with utmost caution to avoid 
a revolt against "red-tape" and "system" which will throw him out 
of the door in disgrace, if he puts on a front of authority at the outset 
of his campaign against the existing order. 

The foreman and sub-foremen of the place under treatment find it 
hard to accept instruction; the workmen, always suspicious, never aware 
that the highest labor-hour production is the highest human good, 
object to being "speeded up," even though the speeding up may actual- 
ly mean an easier day*s work for themselves — all so that absolutely 
nothing but a long continued and wisely tactful effort can possibly bring 
permanent and peaceful success in labor-cost reducing. 

The Ford high wage does away with all of this inertia and living- 
force resistance^ The top men of all Ford departments know they are 
expected to make labor-cost reductions, that tomorrow must always 
better today. The workmen are absolutely docile, and it is safe to say 
that, since the last day of 1912, every single day has seen marked reduc- 
tions made in the Ford shops labor-costs. 

Can Other Foundries Reach the Ford Costs? 

In case of continued repetitions of foundry product, as in instance 
of farm machinery, stoves, heaters, radiators, and so on, other foundries 
can reach labor costs as low as the Ford costs by open shop and high- 
hour pay, which will infallibly secure willing obedience of day workers. 
Low labor-costs ensure large product sales and steady employment for 
day -pay men. 

In case of the jobbing foundry it is probably correct to say that 
labor-cost reduction must be a work of time, because jobbing means 
uncertain sales and demands skilled, all-round moulders. Of course, 
as is now well known to factory managers at large, willing labor, sys- 
tematically directed, will automatically effect continuous labor-cost 
reductions. 

Mutinous labor nuUifies, in large part, the gains which can be made 
by good management of willing labor. 

The Ford foundry as first started had no distinctive features what- 
ever, unless saw-tooth roof lighting may be so rated. The shovel and 
the wheelbarrow reigned supreme, everything done by hand, nothing 
by machinery, when. May 10, 1910, the first Ford Model-T cylinders 
were made from wood patterns- The early history of the foundry is 
of httle importance in this stoiy, which is intended to show the 
practice of today. 
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FORD METHOnS AND THE FORD SHOPS 



The Modcl-T patterns were changed to metnl atitl placed on com- 
mercial moulding mmhines, some of tliem specialized to nRi-l Ford 
requirements, but all purcha.'ied frr>m outside suppliers to tlie timde aud 
none of them demanding detailed description here. 

Late in 1914, the first important novel feature of the prescnl FunI 
foun^hy, tht' core-sand gallery and the core-sand mixing-stage, all on 
one level, with traps in the gallerj' floor for supplying individual mixed 
core-sand chutes to each eorc-makor s Iw^nch, were installed, thus avoid- 
ing alt mixing of core saud by thi? core makers themselves. The end- 
loss-chaia-drivcu mouId-cttrricrA, the weond cmrkcd feature of the Ford 
foundry, by ^hieh mould:^ arc now brought to one pouring field, at one 
end of the mould-ciirrirr cim^uil, ai>d to one chevruii shake-out gniting^^ 
at the other end of the mould^arrier circuit, bf^au work in February ,| 

Witli the mould-Krarriers, the continuous sand*liandling-and-nuxing 
enfllesH-clinin-circiiit was aUn insitalled, so that ttie machine moulders 




Sand Cbules and Moulding M^Ehines 

the piuhetv gu d*yrra jc tin: i-rftlc-nl hnllnw culuma hi Ibv ^ght- Vj4-w lijuking KHLtiliiTBt 
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Saud-Pu&hcrs CliAin of Utiil No. 4, during Tnslallatioa 

Tbp vifijr flbdm thv piiihcm i>v(-rbiwi heuI Ifn' iI'vcciilUiii; oorlli md uf tlir luialirT <'luiin, with \irp and 



wffre relieved of the Ifllior of handling and ciiUing over the sand which 
Uwy usefl, each niachiac moulder having an individual overhead sand 
chute which he could opeu to fill his flanks as needed. This sund circuit 
w piacrd over the machinc-mouldtTs' heads for supplying the individual 
sand cLulcft, Willi M ivtuni under the mudiini'-inoulder'^ [cvi, ntid aa 
elevator at the shukc-out end to a moistening and cuLting-over mechati- 
iam which delivers sand ready for moulder s asi^ to llie overhead chutes, 
all ill cuiiliiiuous eireuiU W" Ihal tlie madiiiw inoiililer liu» tioLliing to 
do save to make the mould it^lf. 

The corC'Sand niixing-atage supports mocliincs which automat ically 
produce unvaryirg core-sand mixtures, and the galleriea, Irap-doors 
and core-sand clniles deliver lliese unifonu core*sand mixtures to the 
proper core benchea, thjs making it certain that the cores will be made 
of the best mixture for their purpose, and alflo cheapening the labor-coat 
of core makuig. The Ford core-sand gallery Is believed to he unique:. 
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Tlic tiiould-carrRTd oblaiii all the advantages of the moving as-scmbly 
I!n^, wlncli \ih» *o gn^aMy lower^vi lh4> Ford a?4si*mljliiig cosU in miuiy 
depaiimonlft. A niacliine-nioiilded rope and dn^ are two olvment* of 
an assembly finally to he completed by elosinji: llw- moulds, nvi^hiitig 
them, anil |jf>iiTii)g iiielted trirliil into iht^in, and hir^^H ^HviiigH In luhor* 
c<»st can always be made I>y moving tlie assembly In progress past 
componmt supplyinc .slationii. 

The core-sand K^ll<'rj% the mould ramers anri 1 he eiidless chain core- 
ovi*n — the only thing 1 have t'v*T seen that ensures tmiform <^re*Iiaking — 
arc the llinc priiicipul factors of the Ford shops low-cost founding. 

TiiK Ford Foundry "Vnit" 

One "luiil" comprises two circuits of raccliameally -driven moutd- 
carpic'i:^, having located midway bctwccu them a double line of mould- 
ing mactijiurs, <rjurh fitted with it» own overhead sand chute, as dcscrilH-d* 
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Sand 1ni\xgti and Sand Pushers 

1iioiiUkr>c iiLnil-t-holL^. MhI vcrttu&l utod-piuliura tin) ^^flJ iiwlu^a hmjf b,v tfl> incbis hiffh- The tmui^ti u 
^1 MM-ht-% wide mnick, Tln' »«»nr|'[n»»li*T^ xn- ilnvcn liy pnilli>«* chain, runnmif id h Ifvu^h <iywT ihv Wds 
■ml ID u iBfid-Aajr uuLiiT ilic tmi uf Ihr tm^iilili-n; rhatn t^vd u 4bc»ul CI itti pvr nxiliute* Vntr fran 

Um north, lookiajf south 
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tv I ; iJiL Mr.ujji i.'.a ! ,^'l :. oji : .1 . i.^ K" 1 J. I , ■, I J I ' ^r i.'[ til .' '- KridiG3s Chain 

Tlir laljiir r-i|iiipnirtit of racli *init rom|M'iscs macliinr- moiililrnt; 
moulrUliaiulli'i'^i. who take tlii^ uioiiUI<> fmin Uk* tiiacliiiRs Hiid ilvpnsal 
tlicm on tlio pcnduliiin shelves of tlit^ ciirriL'is. or close llicm on drags 
previously piacc<l on Ihc shelves; weight kyers. who hiy the woighlj* oii 
til*' copes of the closed moulds: pounTw, who carry skiuini'-rM *inc! -skin 
tbeir own hand-ladles; and shake-out mefi* who shake out the moulds 
at the gTittiiip and pile the runners together. 

WWh Iwusiii.s ar<^ phicrrl m?iide Ok- nioLild-c^irriiiT circuitN tng**ther 
with a KiiLill tiihlc useil hy the "'cheek-Uikcr/' For inouKUproduclion 
rem>rding purpo!*€i* cuch mnchiue moulder is provided with a certain 
nninber of individual ly-Tn;trkeil,AmalK round, bra-ss rhcrks, oncnf which 
he liiys ujwjn ea<'li ukmiM which he n«ikrs cope or ilrav; as niiiy he. The 
moulds pass tlie check-laker'* station before closing, the checks arc 
taken off and piled on the check -taker's table to the number of ^5 for one 
moulder, and are fhen niarkwl on a moiihlerV record sheet and the 
checks are returned by the check-taker to llie moulder who o^vns them. 
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FDRD HETKGIHI AND THiC FOHD SBOPB 



Al! tlic Modt'I-T component gray-iron uioulds cxccpl the rn-Wor cyl* 
iiidt'iS'^'asliiig iitiiuliU ar*^ proJuLvl hy llif uiiils. The tyllmler iiuxilcN 
are taken from the moulding madiines and placed on the floor, usual 
manner, forcore^tlin^ and closing, and arc poured in the u^ual manner, 
witli btdltrs MiH[M-mltn] froin ovfrlit'iid fWlrir rranes. 

Drawings have been made for continuously mo\TnjT cj'Under- 
mould -carriers, but these circuits of pendulous cylinder-mould-car- 
rierw have not Iw^a conatructe<l at tlie date of Uiis writings Novem- 
ber 10, 1914. 

PowEB-Diavi-ix Mould CAJutiEr^s 

Powcr-dri^'en mould c'urricrs are old and well known in the founder's 
art. both continuously and iutcrmittingly driven, though I have seen but 
one sucli installAtion» lliaL iu Hie Wcslln^'houM." Air-llrakc foimdr^'- 
This endless train of 24ft car^ (memory rc<.*ord) Is u>hhI for pmdmrin^ 
the Wcatlnghousc air-brake cylinder, is intcrmittinglv' driven, and has 
each car mounted on four wheels which run on finished metal rails. 




Pouring Moulils on a Mould Cariler of No. 4 Unit 

Thf* AHtitFuHiiMi of tUi* mnnlH rurrii-r rin-riiU hut Iwn i-hnUKPil m lyvm^- onr up if* *fti\ inrliHiiiff Itnll 
Ihi*/ nn of i'luiui;d bars, Tbr aprvd uf tltr vntrkm ia atwiLl It fri'l jut niiiititi; 
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One side of the chain of cars, which is run on parallel tracks connected 
by semi-circular ends, is used for cope and drag moulding, core setting, 
and closing; the other side of the train is used for pouring, cooling, and 
shaking-out over a shake-out grate, fitted with spiral conveyors and sand 
moisteners underneath which deliver the sand to an endless-chain ele- 
vator supplying the individual moulder's sand-chutes on the moulding 
side of the car track. Printed description of this train of mould-carrying 
cars was not permitted, hence the intermitting car-movement was not 
examined- I watched the smooth and good action of this Westinghouse 
train of mould-canying-cars several times and was greatly impressed 
with its labor-saving virtues. As the story was told to me, this endless 
train of mould-carriers was invented by the foreman of the Westinghouse 
foundry, was patented, and patent assigned to the Westinghouse Com- 
pany and held for its own exclusive use, save that a gift of a shop right 
was made to Crane Brothers, Chicago, 111., who used it for valve-body 
moulding. I have never seen this Crane shops installation, but both the 
Crane and the Westinghouse mould-carriers have been seen by the Ford 
engineers who placed the Ford mould-carriers, and who were unfavor- 
ably impressed by the Westinghouse intermittent action but liked the 
Crane installation, which places the endless-chain sprockets overhead 
and drops pendulums down from elevated-track-carried trolleys, these 
pendulums having mould shelves fixed to their lower ends. 

Some Mould-Carrier Construction Particulars 

The diameters of the large overhead mould-carrier chain-sprockets is 
1213^ inches, pitch circle. The north-end sprocket is electric-motor 
driven, the south-end sprocket is an idler. 

The different mould-carrier-circuits have different lengths of mould- 
carrying shelves as well as different numbers of shelves, and have the 
sprocket center-to-center distances varied to suit. The principal di- 
mensions of the No. 3 unit are as follows : conveyor sprockets, center to 
center, for each mould-carrier circuit are 36 feet; distance from center to 
center of mould shelves in the parallel sides of the circuit is l^l}^ inches; 
distance between the circuit centers is 37 feet S}^ inches; distance be- 
tween the inner lines of the shelves of the two circuits is 26 feet. This is 
the width of the space occupied by the moulding machines and the 
moulding-machine men- This dbtance of 26 feet could probably be 
reduced to 6 feet, if one line of moulding machines was placed inside of 
each circuit of mould-carriers, as would be possible if the mould-carriers 
ran on tracks on the same level as the foundry floor. 
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Plan and Section of Ford Foundry on February 35, 1914 

The No< 4 unit has 49 mould-carrying shelves, each ^3^ inches long 
by 15 inches wide. 

The entire cost of one unit, exclusive of cost of moulding machines, is 
about $15,000. 

The Ford plant mill-wrighting has been until recently charged in a 
lump sum to factorj' expense, with no detailed costs made up against in- 
dividual installations, hence exact figures ot" unit '' costs cannot be given. 

The pendulum mould-carrier has no obvious advantages, but has 
marked objections in the way of inaccessibility of driving mechaiusm 
and the free swing of the pendulous mould-shelves, besides greatly 
obscuring the saw-tooth ligh^g, and, the most serious fault ci oU, wli^ 
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PUn and Section of Ford Foundry on July lo, 1914 



the carrier is in operation it cuts off access to a large floor space which 
is thus made waste territory. 

Unquestionably, for difficult and exact core setting, such as is 
demanded for the Ford Model-T cylinder, an intermitting mould-carrier- 
movement is highly desirable, and certainly a far cheaper continuous- 
movement mould-carrier installation can be had without the large 
overhead sprockets which drive and carry the Ford endless-chain pen- 
dulum-mould-carriers. 

It is but justice to say that the Ford engineers are perfectly satisfied 
with their own installations of mould-carriers, which work steadily and 
smoothly, and give no trouble of any kind whatever. 
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Rockwell 4-Rttl Rtvulviiig Core Uveiin Northwest Comer of Ford Foimdnr 

Corc-mokcn' bcD^btf^ tn it^ar, vitlk Mfv-unil chutes from ^rrrbco'] ^U<f7 




JcbbtfijE Corc-MftkerB at Work under Core-Sand Gallery 

Co P d n ad diuta Iroat giJlcry, Mnea from Ijic UiU o-loDg reat of F'J'^^*^'^- '^lu c>ll<o "<" -iftuc^ hj tb« 
Fcrd vo^nm uul ia Iwlicved lo be Unique 
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Willi core makers, as w'!lli motilders, llie Ford foundry depend* 
mainly on specialized laborers, all males. In nmny foundries ^mnll 
coTCA arc iticule by females* more docile than males, and havJug a delicacy 
vt loiirlt wht<)i imhjrally fiLs Difin for hHinIling fnigitt- pn>duct.. 

The Ford foun<lr>' expects to transform a laborer into an efficient 
maker of one core only, with a couple of days' instruction, as the Ford 




Top View of Double Revolving-Chain Core-Oven 

TTi^ rhiiTnit htt ilnvrn hy pli^'iHr rnibint wifh worm v\'\ iprcrki^ wnnn^r in t^vrrw jlirfrliniK «> (K»t 

llir Innrr fidn of LkiUi chaiD-rirajirj run Inun wnt to cut thniugh T-hr awn hnil from fosl f » vf^l rn the 

Fi'l^ru iPiitiiiilc- Itdki^il TiPn^ aiv tnkrn nit thi; aljclvta al lin^ rH^l mit meuI llir HlarlvTH rnv \ii/ti\r^\ vi\t\t 

uubtikcil 4'um Lrlutf tmrhiu^ l)ie wnli-'ra cotruioc tu llif^ ovfu 

core mukcn* linvc nolliin^ to do with core-sand mixing, and Have wires, 
cul jiu<l }i(*iit Im suit, supplied lu tliem. and coru-oveii leiidtTS to lake the 
finished cores from the corc-mokor's benches as sooti as made* 

Core DRtEHfi 

The core drier is one part of the metui core-box, often a costly piece 
of furniture, in which the core rests while baking. No matter whiit Uic 
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E«st End of the Double Eadless-Chain Core-Oven 

length or form of a ooix; ma^ b« it lies in tnje form In Uie drier wLilo 
baking, anJ retains its over-all dimensions perfeetly after bakings Tlw 
Ford Mi^lel-T ryliiultTs are difficult pnidnrtions, very conipliealed in 
furin and Iiaving wiit^r-jiiukels only l^-ine'Ii lliirkoess of wait HeiKv, 
it is imperative that the cores should be to dimensions eXAclIy, and the 
use of the core driers ensures this correctness of core measurement. 
Tlie only oIijWHnTi is \\\i^ vtry miiNid^nililt- I1l^t rtf ihe driers, which 
fades to nothing; in caf^e of continuous repetitioiiH of pro<lurt. 

The original installstions of core ovens were the Rockwell revolving 
ovpns, first Installation in autumn of 1912, which yet remain in oontmis- 
^on. See the upper picture on page 340. 

ENDLEas-CHAIN CORE OvEXft 

Tlie Ford eiiginwrs devised two cudles^ chuju^ of core-oven shelves, 
two circiiils placed side by side and running in reverse directions, adja- 
cent sides of the circuits running together through the oil-fired oven com- 
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mon to Iiotli. and returning tlirciugh the tipen air. During this return 
trip file cores placed on the endless-chain-carried shelves are removed by 
the core takers-off. In this endless-clmin core-shelf-circuit the overhead 
sprockets^ endless chains^ and overhead trolley tracks are precisely the 
correct thing, exactly suited to their work. Nothing could be better 
adapted to core-baking than this double-endless-chaln arrangement, 
speed of chains 17 inches per minute on one side, and 12 inches per min- 
ute on the other side, so that heavier cores, placed on the outside, have 
the longer time in the oven. It is extremely economical of fuel, and 
gives a perfection of core-baking uniformity, entirely independent of the 
oven-tender\s judgment, impossible to obtain by use of any other core 
oven ever seen by me. 

Some PARTirTTLARs OF Endless-Chain Core-Oven CoNSTRtTcrroN 

The endle.ss-uhain core-oven sproekels are 80!2 inches pitch circle 
diameter. The center- to-center distance of the sprockets is 38 feet and 
6 inches. The cross-wise center-to-center distance of the sprockets for 
the two chain circuits of eore-shelves-carrying do^Ti-hangers is 9 feet 3}'2 
inches. All cores save the cylinder-barrel cores are baked iu this oven. 
The cylinder-barrel cores arc very much larger than any other Model-T 
component cores and require much longer time in Vjaking, and are baked 
exclusively in the Rockwell revolving core ovens. 

The core-oven endless-chain-carried down-hangers (sec page 341, 
lower right hand of the picture, and page 342) are of plate-steel, 72 
inches long up and down by 24 inches wide and Via in^'h thickness. 
The down-hangers are spaced 42 inches center- to-center, and are 
pierced to take 10 shelves, 16 inches wide, placed inches apart up 
and down. 

The picture on page 342 shows the eastern (e\it) end of the core 
shelves. AVhen this core oven was first used the eastern and western 
ends were alike" now, the western end has been surrounded by an outside 
wall extending aljonl: 10 feel eastward, thus inereaj^ing the virtual 
baking-oven length by that much. Taking the baked cores off the 
shelves is a very warm job. 

This endless-chain core oven is extremely economical in points of 
floor space occupied and of fuel consumed in core-baking and core-han- 
dling labor, besides having the very great advantage of mechanically- 
determined core-baking time, nothing being left to the judgment of the 
core-oven tenders, thus ensuring a very close approximation to that 
absolute uniformity of core baking which is the first essential in the pro- 





Tile ccwl of this oven wa» jilioiil 



Thr F(mi foiiiKlry Ls wtT^Td Ijy nine cranes and two elevalors to Ihe 
cupolji-cliargiii^*<Uigr'. Of llirtTJiiir^H, rme isuShu\\ ^anlry..1»lon;*raparv 
it>% working on a track north of the foiindrj' over &and bins and scrap 
bins^ fitted witb magnet and cUm-shdh six cranes by the Xorthem En- 
giiiivriui^ Company, Del roit.. earh 3-tons raparity, (x>vcnng the cj'lifidpr- 
Dioiddlng and pouring floor, with tracks extciidmg to the cyliiiilcr- 
cleaninp and testing? nnd nionomil shipping floor al cast end of the foun- 
dry; one liro^vninfi flal-car jib-crane, l5-ton5 capacity, equipped with 
magiif.4 and ctiitn-slie]]. and one 40-loii crane muinited uii a ttai ear, sup* 
pUed by Browning, Clovelaud. 

The monorail traek enters the foundry at the southeast comer and 
lakrs tlie foundry product to tlie fartory. 

Tlie eastings cleaning (save of cylinders) h along the south side of 
the foundr)\ The cylinders cleaning is at tlie eastern end of the foundfy 
floor. 



THE PDUNDRIES 

Bbass Castings 

The Foni Company began to make brass castings in Ihc summer o( 
1914, is now pouring about i tons of brass per day, and will soon pour 




Ford Fomilry. Looking West, Cylinder-Moulding Floor 

Upper ¥it:H ohowe ihf ifv<rliwl tfiinw. huwi vitw sLows tlK oTrrhcQiJ lfollp> niJL fioni Uh' <up«lii* 
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shown in the lower picture on H 
tht9 page. ^^H 


^^- ^F"-'.^^ "^^^ 


Ca&tinos ^^H 


^^^ 


^HMto v^l 


The iron used in the cylinders ^^B 


^P 




annlyzTA: .siliniii 2.00, Hiilpluir H 


1 




O.OC Lu 0.08, jihosphoriJ.^ 0.^0, 1 
manganese 0M5, Analysis is made 1 
daily. The cupola charge i^ pig, 1 
^0 per L*cnt. srr»p S/j per rt^nt, H 
steel scrap 13 per cent< About H 
\So pounds of iron in the ladle is | 


f 
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required for eitch cj-lindcr casting 


1 




Mi^Hyi^^ll 


1 


^^p 


Cleaning Cylinders 




^ A Fcnl iDArtiiQt' Ua (Hilling mtt cure wins 


^^^^M^^ J / W m i ft M^^'^M^ 


^H 


all !U bnuw, uboiii 11 lotiH per 




^B 


<liiy, in & brass foundry' on one of 


IBBiLJ^-jr / / JjLj^J[j 


1 


iW floor?* in the old faclory hiiild- 


WMil ^m1 / / jl ^T 


1 


iii^. Tlie pr^'^i^iit l>ra.ss Boor in 


pJJ^^Jj^^^l^B^F^ ^^> ^Ht^f II * 


■ 


tlie graV'ipon fouiidrj' is a l**rnpa- 


HH^'"^;^^H^^MH|| 


■ 


rar>' affair only. 


^K ^^^^^^^1 


J 


j Aluminum Fj-ooh 


^p _^B^^3i 


■ 


1 , Tliis adjoins llie gray -iron 


^sri^^Hfl^l^l 


■ 


foundry x^ost and «outh conior, 


M^K^^H^S^I^^^I 


1 


with ulutiiiituin (iinincos and 


^^^K^H^^T^^^^^H 


1 


|f deuiitng lluor udjuiniiig the mould- 
ing fluur. 


^^^^^^bfed^^^^l 


1 


^^^^^^^^^^^^^^^^^^^^^^^^^^^Bfl^^^^^^^^^^^^V 


^k 


CixixoEhs Cleantmg 


I^^^^IHS 


^^^^^^^1 


Tlic tools employed are files. 


Cleaninc Cylinders 




brushes, pneunialic shippers, and Hydmulic u^t foi t^ki ^^^| 
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the weight of the deaoed cylinder casting is about 101 pounds each. 
Thirteen hundred cylinder castings are poured each day; and about 
1,200 cyUnders are sent from the foundry to the machine shop. 

Production Per Square Foot of Foundry Floor 

The daily record for Nov. 2^ 1914, is given as typical: 

Iron meltedj 192 tons. 

Weight of sand handled* 1,906 tons< 

Floor space used for iron moulding, 36,3^4 square feet 

Floor area per ton of iron poured, 186 square feet. 

Total number castings made, 40,450 pieces. 

Average weight of castings, 8.9 pounds- 



UNIT PRODUCTION PARTICULARS 
NO. I UNIT 



Symbol Component Name 



No, Casi' Total Wt. Wt. Wt. Wt. Xo, 

sets itigs per of of of of caat- 

mould- from unit mould sand cstng. flask ings 

ing each in 

ma- set eacii 

chines mould 



T-690 

T-4483 

T-70« 

T-512 

T-449n 

T-4n & 

T^18 



Exhaust end covers 2 seU 400 800 157 103 8 

Exhaust pipes 2 sets 980 560 331 151 14 

Reverse dram 1 set 300 300 135 78 II 

Intake pipe 3 seta 450 1.350 156 97 13 

Valve heads 1 set 400 400 156 97 13 

Cam-shaft bearings 1 set ISO UO 167 101 20 

3,530 



46 


% 


66 


% 


46 


% 


46 


% 


46 


40 



46 



24 



eU&CMART 

No. Moulding Machines 2I>— 47 workmen. 

No. of moulds made in Unit No. 1 in 8 hrs 3^30 

Sand handled by Unit No- 1 in I hr 48 tons 

Sand handled by Unit No. 1 in 8 hrs 384 toiu 

Iron required for pouring No, 1 unit in 8 hra 21 tons 

Floor space required by No- 1 unit 3,000 sq. ft. 

Floor space required per ton of iron 148 aq* ft. 

Floor space utilized to complete W(M^ on "Mting* ready for machine 
flh(^, — 800 aq. ft per ton. 
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^^^^B £ UNIT 

^^^^ Part Part Nrtine Seta Tso. Tola) WL. Wt, Wt- 
^^^^^ Symbol of pes. [ws, of of of 
^^^^^ ma- per per mould s&nd cstng. 
^^^^^^^^^ fJuues set set 


Wt. 

of 

flask 


Na 1 

cast^ H 

lags ■ 

per ■ 

mould H 


^H T-55 Brake shoes 

^M T-ld'i Revrt^rsf: .Injin 

^M T-70tl Slowspe^Hl 

^H T-701J Brake dnm 

^^H No. of mou1{l>4 made in Unit 
^H Sand handled by Unit No. 'i 
^H Sand liandLctj by Unit No, 2 
^^H Tron retjEiired for pouring Nl 
^^M Floor spLU.-e occupied by No, 
^^1 f^oor space required by No. 
^^M 10 moulding mHchines. with 
^^^ Floor spatx utilized to oomp 
^^^^H ahop, — 510 sq, ft, per to 

^^^^^ Symbol Nnme of Piece 


5 sets 450 
1 s(-t 350 
1 set «40 
I .^ct 180 

aUMMA 

No. 2 in 8hrji. . 


2.UQ 
350 
S40 

lao 


130 70 5 
1:15 78 11 
1:45 83 G 
142 80 15 


46 2 1 
40 ft ■ 

3,0^ ■ 

34 tons ■ 

37£ tons ■ 

10 Ions H 

3,000 sq. ft. ■ 

300^. ft ■ 

Wt, No. ■ 
of east- ^1 

flaak iiLgs ^ 

in J 

mould 1 


3,0S0 


in I hr 












. t unit in 8 brs 










2 unit per ton of iron 

JiS men. 

ete all work on costing.^ ready for machine 

n. 

NO, 3 rxiT 
Sets No, Total Wt. Wt. Wt. 

of pes. No- per of of 
Eiuuld- per pi:^. mould sund CAlgs. 
ing set 
ma- 
cliines 


^m T-418 PwtofLS 

^K T-4!^2 Piston pota 

^^m No. Monlding Machines — 5f 

^^M No. of moulds made in Unit 

^m Band handled by Unit No. 8 

^H Sand handled by Unit No. 3 

^H li^n required to pour No. 3 

^^ Floor space occupied by No. 

Floor space rwpiired jjer ton 

No. of men emnloyefl on No 

Floor spjice utilized for com; 

rbine >ihop, l&l sq. ft. 


7 sets ^-^O 
3 seta 1^5 

BCMMAl 

No. 3 in 8 hrs, . 


1,540 
375 


lOe 114 25 
248 U^ 40 


53 4 
60 4 

1,915 " 
Mtona 
r7£ tons 
97 tons 
5.000 aq. ft. 
Ill fiq. ft. 


1Y 














unit, 8 hrs, , . . . 












of iron 






3 unit— €5, 
]lctbg all work 


on c&atiuga ready for UUL- 
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Symbol Nome of Piece 



wo, 4 ITNIT 

Sets No. Total Wt. Wt. Wt. Wt- No- 

of pes. No. per of of of pea. 

ninutd- per pea. nioittd sand cstg.s. flask in 

ing set mould 

ma- 
chines 



T-lOl Cylinder heads 7 sets 

T-*42 Water itihi con- 

noctiona 1 set 

T-118S Exhaust pipes 1 sot 



IW) 1,330 339 216 -35 



9^ 



935 
250 



161 

as I 



103 
151 



12 
U 



m 

46 
()6 



1,810 



aCMMAKT 

No, of moulds made by Unit No. 4 io S hrs, l,G05 

Sant! handled by ITuit No. 4ml lir. 30 Loos 

Sand handled by Unit No. 4 in 8 hrs 388 tons 

Iron required for pouring No. 4 unit, 8 hrs. 87 tona 

Flo(»r space occupied hy No. 4 unil .,....,... .,.,.,,.. 3,000 sq, ft- 

Floor space requTre<l per ton iron. , Ill sq. ft- 

Nunibcr of men employed op No. 4 Unit — 64, 
Number of imiuMin^ iiiiwhine.s — IH. 

FIocM' utilized for completing &11 work on caiitinga re&dy for mociuDe 
shop — 101 sq. ft, per ton- 



Symbol Part Name 



XO. 5 UNIT 
Sets Nn. Tolal Wt. Wt. Wt. Wl_ Pes. 



of 
mould- 
ing 
ma- 
chines 



[>CS, 

per 

set 



No. 

of 

pes. 



of of of of per 
mould sand estga. flu.*ik mould 



I 



T-5H3S Mh^ik'Ici spool .... ser^ S50 

T-7IW Reverse drum 1 set 350 

T-706 Slow speed I set '^40 

T-r09 Brake drum 4 sets 180 



1„100 

350 
■240 

3<tO 

£,450 



171 
135 
135 
14« 



105 

7y 
83 
80 



11 

II 

6 

15 



55 
40 
46 
46 



SUMMARY 

No. moidding machines, 2f>. Nci. men. ft5. 

No, of moulds nmde on No. 5 unit in S hrs !J,450 

Sand handled on No. 5 unit ui 1 hr 35 tons 

Sand handler) on No. 5 unit in 8 hre_. . . , 280 tons 

Floor spaee oecupied by No. 5 unit , 3,000 sq. ft. 

Iron required for pouring No, 5 unit infi hrs 13 tons 

Fl<Hjr spaee retjuired per ton of iron 330 sq, ft- 

Floor space utilized lor eompletiug all work on csflting ready for ma- 
chmc shop, 3fi'i.3 sq. ft, per ton- 



850 FOKD METHODS AND THE FOBD SHOPS 

CYLINDER FLOOR 

Symbol pBrtNamc Sets Pes. Total Wt. Wt, Vft. Wt. No. 

of per No. of of of of pes. 
mould- mach. pes. mould sand catgs. flask in 

ing mould 
ma- 
chines 

T-400 Cylinders ISsets 100 1,300 785 478 125 162 1 

BITMMABT 
No, workmen, 466. 
No. moulding machines, 30; 10 sets cope and drag. 

No. of moulds made per day in 8 hrs 1,300 

Sud used in 1 hr 30 tons 

Sand used in 8 hrs SlK tons 

Iron required per day in 8 hrs 81 tona 

Floor space occupied by cylinder floor 13,824 sq. ft. 

Floor space utilized for completing all work on cylinder eastings ready 

for machine shop, per ton, 340 sq. ft. 
Floor space required per ton for moulding and pouring cylinderSj 158.3 aq, fu 

These total production and foundry area figures are given as likely to 
interest foundry managers and students of foundry economies. 

Every square foot of factory floor carries the same overhead charges, 
and the less the floor space used for a given production, the lower the 
overhead charges against that production are. 

The cylinder sand is worked in the usual manner^ moistened and cut 
over by hand. The machine-made moulds are set on the floor, cores are 
set by core-setters, copes closed on by men who do nothing but close and 
bank the moulds, and all the hand work is divided and specialized as 
minutely as may be, to reduce the duties of each workman to the lowest 
profitable number. Undoubtedly the total number of workmen em- 
ployed on the cylinder job could be very considerably reduced by the 
installation of the best possible mould-carriers, moved intermitting, 
so as to stand still as much more than one-half of the time as the inter- 
mitting driving-mechanism can be conveniently arranged to give. 
Perhaps 1,300 cylinders could be turned out with 250 men all told, in 
place of the 466 men now used, if everything was brought into the best 
possible form for working. 

Fuel 

Solvay 72-hour coke, supplied by the Semet-Solvay Company* Del- 
lay, Mich., is used exclusively in the Ford foundry, because of almost 
unvarying unif on^ity of analysis and its good load-si^porting capactty 
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Limcti Time in the Alumiuum Uoulding Floor. Gray Iron Foundry 

in the cupola. The Solvay coke is shipped (o Ford plant with analysis, 
and is also analyzed in the I'nnl laboratory from time hi lime and is 
invaridhly fuuiid lu be always very uluse Lu the following eunstiluilon. 




Cleaoinc: Aluminum Castings. Furnaces at Left. Lunch Time 



95i 



FORD METHODS AND THE FORD snOFS 




Cylinders Cleaning Floor at Eit«t End of the Foundry 

viz,; Volatile matter (smoke), 0,29; fixed carbon, 9L75; ftsli, 7.06; sul- 
pliur, 0,581 = 100,58. As is well known to chemists, it 18 a rare Ihing 
for the total of analysui elements to be exactly 100. 

Grat Iron Analysis foh Modkl-T CoMroxEKTS Orncn Than 

OVLlNDKUa 

From test reports of Xovcmbcr 23. an analysis of tlir gray iron k: 
combined carbon, 0.5; lolal cjirbou, 3.35; maugaDetie, 0.65; pbufipUurus, 
0.455; 5ulpbur. 0.079; silicon. 2.51. 

Ten&ile test^ and transverse t^Ms are made on the Oleson machines^ 
and lesls for hardne^ are maile on twelve Shoi^ "Scelerosct>i)e" nia- 
cbines, located at various points in the Ford shops, and on one Brinell 
and one Derihon nmehinc in the Ford laboraton,'. 

Cupola CHAiuaNU tX)H Moukl-T Cohpunknts Othi:r Than 

Vol«io pig, fii^st charge, 300 pounds; Superior charcoal pig. 300, 
povhds; Toledo pig, second charge, OOO pounds; "rrluni slock*' scrap^ 
(latgcly defective c^-Iiuders), 1,400 pounds. The Ford Company buys 
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iiW llif d*"fecl!ve (.'^"liiiilrrs which ciiti W ha*I in this sccliou of the founlryt 
becaiLsc of their high-f^racl<i^ metal. 

Cost or Ikon im Ladlb 
Tlie Fortl foundry* avemge cost of iron iii tbelatllc iisabout ^.008 
per iiound, flat, say* including ovcrficad, $O.Oltl. 

(?OttK-SAND MixiNfi Stage 

The oorL*-sand mixing stage is supplied with siiiid hy Ihc Shaw 
ganLr>' criine, working on the truck^t over the sand-hin^ on the north 
side of llie foundry, (See the pielure on page 344.) 

There are two inaehine»» on the core-saad niixinjc stagc^ one 
"apportioning" machine, sand and ^'compound" mea-'^iiror and 
milder, and orn^ 'Mijihli" inaehinf, hiitli supplied hy Ihe Shmdnrd 
Sand and Machine (wiipany, Cleveland, Ohio. Of course, the ex- 
perienced corc^maker will understand th^t a niim1>er of different 
core-sand mixtures are made, suitable for various descriptions of 
cures. The core-mixing stage lias a working furee of one foreman 
and five men, who mix the core-sand and deliver it to the proper 
corc*bcnch chutes through traps in the galler>' cast-iron floor-pIatcs. 




Cylinders CteantnR Floor, Monorail for Transporting Cylinders to Machine Shop 




Slurtevant Forced -Blast-Blower Room under Cupola Charging SUge. One Blower 

(or EAcb Cupola 

The "compound" or core-bond uecd is supplied by the Henry E- 
Mills Maruifacttiring Company, Syracuse, N, Y., for all save fJie cylinder- 
bam"] (-ores, which *irf made wiUi Iin.s«-d*oil bond. Oil 'SiiiiMics*' are 
not regularly used^ but find (X-cu*4iuiuil employ men tou the jobbing floor 

FoHD Foundry Eqittpmknt^ Kxceptino CftANES, Monorail and 

**Caj*kikh Units'^ 

The monorail carries ^J^^'lo" loads with a single car and 5-ton loodd 
with two cars, one lu front and one in rear of driver's cab- (See the illus- 
tration on pajj'L- 35.^0 

Two Uuekwell revolving core ovens. Tour rwls each, are used, prin- 
cipally for baking the 2,*!00 double c\'lindcr-barrel corvs rc<iuirefl daily. 

Kight "Pridnion*" moulding machines arc usc«l in tlic aluminum 
foundry. Tlie gray-iron foundry uses Pridmore, Osborne^ and Berk- 
shire moulding machiueji. Total number of mouMing maehmes in the 
gray-iron foundrj". 173, 

Four cupolas are ujied. .Mipplied by Northern Engineering Works, 
Detroit, Mich, A Bfthaipola. supplied by the Whiting Foundry Equip- 
ment, Har^'cy. Ill-» is now being placed. AH of these five cupolas arc 10 
feel higher than "rcguhir" for dieir diameters. 




THE rOL'^NDlUBQ 



S55 



Earh cupolft 1ft supplied with air by a No. 10 Sturtevant force(l*blast 
blower. 8- to W-ouiiccs blast pressure. 

Tliree bra.s*4 hiniares, Niipplied by the Monarch Company. Ballimnre, 
are ii^e^l in the bran^ foundry. The aluminum foundty hau ten ''Mon- 
arch" furnaces- 
Three cylinder- banvl-corcii black-wajihinff nuichinca. each having 
three re\*oIu!iIe cope^t»nds, of Ford cxjustrurlion, arc iiswi. wiih black- 
wasli utonuz4?rs. Ten core-wire cutting aticl forming machines are 
worked by ton men and one foreman. 

Tutii! nnmljiT of tumbling barre1.<« in Ford foimcliy, sixty-two; twen- 
tj'-eiglit used exclusively for cylinder tumbling and ihirly-four for 
lornl work. 

Tolal number of grinding and fucln^r wheeU ?4tan<ls, tiiirty. The 
fnciiig wlifeU nre ** Gardner*/* svv(-M in uunilit^r. Tliirty-fcur snagging- 
wheet stands are used, ^ipplied by Norton- 

Ctundrr Moulding 

The cj'linder moulding is done umler tliree parallel craneways, run- 
ning cast and west^ on which eleclric cranes for carr>'ing the pouring 




Cylinder-Moulding Floor^ Pouring Cylinders 



ronn wEmoDs and the ford snore 

ladles lire o|ierate<L Earh pouring \ad\e takes aliout IJiAQ pouodfi of 
iron. 

Tilt* <'yniHlpr inoiilcVrs rtc work<*il in tliirU*eii pangs, eacli gaii^ 
incliutin^ workmtni as follows: Oir- oopi- ruinmirr; ouc cajje rainnior':^ 
helper; one drug rummer; one drag nnmncr's Iic1|kt; one dmg finLsher» 
who insfiL'ct,^ ami finishes rlrng h^iK <>f nii»TiJ<l anil »rt:« three cylimlcr 
cores; one cope (InUlier, ttlio iiLspert^ !iiiil fifiUns iV]Hr lutlf of mould 
and seta wntcr-jacket core; one barrel-core setter, who set^ the barrd 
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CyUuder Moulding Floor. Setting the Barrel Cores 



cores in tnonlrl, gives it Bnnl inApretion. Heals, and w!th aid of l>nnkers, 
closv-^ mould : t \v4i Imukers, wlio help close mould, make runner Unsln and 
"Ijunk up" mould. 

No. I and Xo. 2 erane\viv>'»> nurtli. each serve Tour gang5 of ejdiiHler 
Tnouhlers, \o. fJ rraneway, mirtli, serves five gangs. Each eraneway 13 
ser\'ed Ijy une pouring gun^s inchiding one pourer, who also operates 
crone, one pourer's hcli>cr, and one man who skims and o^sisls othcn^'ise 
as rec|uircd. (Sec the cut on page 4*5,) Tlie tlire^; craiieways are 
served by one s1mker*out gang consisting of one foreman and twenty-five 
men. 




Foundry OlUcials 

5Ub4]ih|f» Frtma liTi in (JifliLT E!ni\i MrUiT, llriul d]|Hilii Mmt. "mrllrr" lu unliiikiy fvuiiiLr> t^lk; 
Stork. ClirfL — luikkr^ miuLMEioiu and krrM rrmnl of unlrnald ncfivrd hbd linuhfd milJliiC] 

rniin; Kniiihlr^ ll'^'l I'yumtifinn.iiirith vnimt'-r): Sf.tvmcl Knunilrf t'vn^mitn; Mcitd Dnift* 
mun; Dfafiimut; Uruflvman. 4>fficr L'Wk witod in rvDtrr 
Xt en iiuUiTKw d| tb'' ¥ori\ fViiu-y of firuqujtmj; rmployiH^ it vity Iw tmni tlmt Uir FutuvJn' H4-H'L 
thown jh ihrahAvr graiip, vD.iiir«1 « moiiMcr, thou n Kor<| tt-noflHjutlmi (nskfr, thna ■ FoH Ru-Tur-pAlti-m 
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Foimdry and Heftt-Treating Time Office Meo 

TTip fiJiu! »f llu' (!*»]iiirlm*'i*f u HtjiQ^ing ttl tlip c*Jfi'ini- rijih» -i'litMl^ fr*fln Irft V^* n^tl ■'■': Firi»t 
At<i*liiiit: " I'Tif-rfcrr " frir llrai Tr*ntiiiir l>^piTt?iiirnl, who uv^ thiit thp wrnivr ft -afli linilffr nnrnlirr. 
nntinM nr* pavilnp Ihi? tlini'-fliwl", u. ^ii tW ili'imriMi-'iii hHiI Wr*rki»w: llt"iii-Tn»i»r "Chiy'tur." "Jiim' iliitii-* 
u pniTiliHtf. Siitiulitijj. fnj^ri Irfl li> ridit. Foundry "riicrktr." w1jl» i^i a tiuir'-lolirf iit ihr' rmmlr^i 
Foundry "Clirckrr," Hni« u [rfi-OFiliiiij, MrMciiKcr; l*nxSuttmn Ifc^Litnl Orrk- ll<rtl'T«rul "Chrcktr'i 
Bo'tfijii .\di1atATit4 iVudwrliua i^lrrk; 4HTh'- <"lrrk^ aiir), jv |»rrviimiK' nolnin llrt' HoiJ i»f ibf l>cjj|ittlucnl> 
Twu ''Nifflit Ch«4un" aiv vtvA ^inynn. Time rloriLe nrr ia ma uljaornt «n»Ll buildiaifr ISi'Lun Uk<Mi 
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Eighty tons of sand are used on the cylmder-moulding job, about two 
tons of new sand being supplied daily. This 80 tons of sand is cut-over 
by a gang of about fifteen men» working in the second shift, who make 
the sand ready for the cylinder moulders ; the cylinder moulders begin at 
6;S0a- m, and work m one shift only, to 3:00 p, m,, one-half hour out for 
eating, own time. 

The cupolas are attended by a gang which goes on at 6:00 and iron 
b^ins to come down at 6:30 a. m. 

The cupola bottoms are dropped at 3:15 p. m., sometimes as late as 
830 p- m. for cylinder pouring. 

Second-Shift Cupola Tenders 

Begin 3:00 p- m.Jeave 11:30 p. m. Last thing, these men, who have 
other duties, clean up under the cupolas, making ready for five night 
cupola men who begin at 10:00 p. m. and leave at 6:00 a. m. These five 
men make the bed, charge the cupolas, light the bed, and make all ready 
for the day cupola men, who come on at 0:00 a. m. The wind is turned 
on about 6:10 a. m., and iron begins to come down at 6:30 a. m. The day 
cupola tenders leave at S:00 p, m. and 3:00 p. m* 

The cylinder pourers come on at 7:00 a. m., and leave at 3KH) p, m. 
The management avoids working men more than 8 hours in any one 
shift, save the top men who, from the foundry head down, come in 
early, and leave when everything belonging to the day's work is cleaned 
up- 
Metal Pattern-Makers 

Of course, all patterns in regular use are of metaL The regular force 
of metal-pattern makers, high pay rate 87}^ cents per hour, is about 63- 
Until very recently all of these men worked in a second floor room, about 
S feet below the cupola-charging stage, and to the east thereof; now 
SS of these metal-pattern makers have been transferred to the floor 
east of the wood-pattern shop, these men working on new patterns while 
SO metal-pattern makers are retained on the old floor in the foundry, 
working on metal-pattern repairs- 

FoHD Foundry Regular Three Shifts 

Shift No, L Come on at 6:30 a. m., leave at 2:30 p. m., gift of 15 
minutes eating time, without leaving working stations. 

Shift No. 2. Come on at 2:30 p. m., leave at 10:30 p. m.» gift of 15 
minutes eating time, without leaving working stations* 
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Shift No, 3. Come on at 10:30 p. m., leave at 6:^0 a, m,, gift of 15 
minutes eating time, without leaving working stations. 

These regular shift hours are somewhat motlified iu case of men who 
have to do with the cupolas, as before specified- 

SUMMARY 

The mould carriers do for the foundry' exactly what the moving 
assembly lines do for the machine-shop —clean up the floor, miikc pro- 
duetion continuous, greatly reduce production costs aud greatly increase 
the foundrj'-floor capacity. 

The reader has only to compare two illustrations, that on pa^ SSfi, 
pouring moulds on No. 4 unit, and that on page 35a, pouring cylinders on 
the cylinder- floor, to understand fully the gains made by use of auto- 
matic mould -carriers. The former picture shows the floor clean, and 
ever>'thing proceeding in good "factory-form." 

The latter shows the usual foundrj- conditions, cverj-body working at 
disadvantage in an atmosphere of smoke and steam. 




Chapter XIV 

HOW THE FORD BODIES ARE FINISHED. PMKTING, 
UPHOLSTERING, JAPANNING AND BAKING 



PAINTING needs plenty of room and time; furthermorCj it must 
be done by skilled men. At least, that was my belief until I saw 
the way that it wasdonc in the Ford plant. But here again, one 
W obliged to alter precDnceive^l ccinceptions aiul Jirtnciwledge that Ford 
ingenuity has triumphed. 

As in the chassis assembly, described in preceding chapters, the 
bodies are painted and upholstered, topped and trimmed complete, on 
cm endless-chain track conveyer. This system of finishing has been 
but recently introduced. 

Following one after another like the successive negatives on a motion- 
picture film, the bodies may be seen in every stage of completion. 

Like a railroad system with its stations, side-tracks, depots, and ter- 
minals, the bo<iy-painting and upholstering process line wends its way 
over three successive floors of the new, big, six-story building on Man- 
chcslpr Avenue, now running straight for 850 feet at a time, turning 
righl-aiigled corners — now going down-grade to the floor lielow, biick 
and across, until finally the terminal is reached^the "chassis-body 
assembly bridge" outside- 
Starting in the east end of the fiflli floor, to which the rough product 
is raised by means uf an iriclinwl conveyer, page 3G1, llie bodies are 
thrown onto the endless-chain track and given a thorough sanding and 
cleaning inside and out. As now arranged, it is necessary- to truck the 
bodies from Ihe heatl of the inclined conveyer to the end of the track, 
but !t is projxised to put in a short conveyer running crosswise of the 
building, which will do this work, and on this the preliminary' cleaning 
can be done, thereby giving room on the main track (which runs a dis- 
tance of 850 feet parallel with Manchester Avenue) for the first priming 
operation, now dune in separate rooms off the line. 

Driven at a speed of about 25 feet per minute the bodies soon roach 
the point where tins first '"priming" operation takes place. This is the 
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only openitiniit witli ihe cxopption ot (Irj'uig, wlUcIi ncorssitatjes Ihfi 
removal of the bodies from the track, and in all prohabiHly as soon as 
the cross conveyer \ius been put in this method of priminj^ \vil\ he dis- 
pUreil by one idontical with that used for the second and succopciing 
coaU. At the present linn?, how- 
ever, the body is removed from 
the traek. slid onio ti truck, and 
shoved inln one of the smaii 
paintinj^ rofittis juat north of the 
track. Here a workman wearing 
a mask and equipped with a 
giant atomiser, behitul which 
there i« a pressiiri" of 80 prtnnds 
per stinar*^* inch, (?ivcs the body n 
tharuuj^h :4praying with a b^o^^ll 
hmly metnl primer which <lne-s 
very rapidly. The entire surface 
18 covered in a surprisingly short 
time, and witli a shove, the bofiy 
in sent rolling across the Hoor to 
onolJter man who with a critical 
eye giK-s over it and with a hau^I 
bnisli smootlw out or touches up 
any poinU which, in his judg- 
ment, need further attention. 

Tlie hfliclv is ihcji alluwe«I to 
dr^' lliorouglily before it is placed 
back on the track. After I>emg 
sanded, it is ready for it*i second 
priming; a hlue-black coal which 
ifi "flowe<lon" in the fullowiri^j 
manner: standing on oppusil<.> 
sides of the track arc two men 
efjuippM with liosp-s, Iht- n(i/zle<t 
of whieli remind one of fanlike 

racuum-clcaner nozzles, except that the ends .instead of being entirely 
open, are perforated, the holes extending in a line at right angles to the 
direction of the (low. A large lank nionnte<l on the floor above, and 
coimetled to the hose by means of a system of pipes, furnishes a con- 
stant stream of paint, The system is operate<l entirely by gravity. 




The Conveyer Cflrrjing Uie Rough Un- 
finished Bodies from th« Unloading 
Dock to the Fifth Floor 
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but liy the elevation of the tiink Lo the Qoor above a sufScient head 
\s secured lo Insure n flow of nhoiit 6 ^falloiiH a minute. 

When tlie ho*ly has progressM to the point where it U opjiosil* these 
men. Ihey wimjiletely shower Ihc surface with tlic pnitrrting liipiul, 
startinK at the top and workm;; down. TUis thoy do in an incredibly 
short time. Some pointa on tlie hack of the front ficat and on the da^h* 
which they arr utmhh^ to irjieii easily, art* afterward:* done by liaud, with 
a brusli. Tin.' rcHr end of llie body is slighlly elevMlwl liy *i 'Sliield 
block" which prevents the paint from dripping into the track and also 
helpa to drain the cxoe^a lirjiiid back into the system. 

On both !*ides of tlie h-ack, ami diret^My under the sprayers, are large 
galvanized -iron drip Umka which 4irain into a wntral eak'h lank below. 
Surplus paint, tlieretore, drips into these pans and finds its way back, 
after passing through screens, into the paint-supply system again. A 
smalk^r gi^ar pump. liwaLwl in (hr piiw line abouf H feet fnjm the tra<^, 
returns the liquid to the tuuk above, t^o that a suflieient amount can be 
used at nil times to do the job property> without fear of wasting iU 
About ^ gallons of the liquid paint i^ (lowed on; but itlni?tbeen found by 
ettmpnhilion Ihat 1 gidlnn will cni^ver 11 Jo1b>. sii il !>4 ea.^y lu ii^inputc the 
amount reqiiire<l per btxly. About iOO feet of tlie traek are required for 
each painting operation. The "color varnish'' coats aiid "finisliing" 
fnal-*4 are ftoweii on in the same manner. After the l>n<ly Jia-s traveled 
about WO feci, it is sufficiently dry to l»e removed and stacked for dr>'ing, 
which ret|uires about ^4 hours. 

It is then placfnl back on the track and "moused*'; t]iat i.^ nibbed 
lightly with rurtc<l hair ami prcparM for its first c?olor vanil^h. Thb 
opendiori is jierformed on a crosfi track running from the finu^h end of 
the priming track to the starting end of the eolor-varni^h line, which 
runs back from the west to the cast end of the same building, parallel 
with the priming track. 

A sunilar system of tanks, piping, draining trays and strainers 13 
utilize<i for this operation. About ^00 feet of draining lank is here 
requirwi to (yirry off the suq>lus mior varnisli. Th** l^nly is also slightly 
elevated at (he rear, l>y a cross drain boanl, as before. 

After being allowed to drip for a time which experience has shown 
to be sufiictcut, it is removed and stacked for drying. At the end of this 
drying, it is again '' mossed," givrn u st-(X>nd coat of «>lor varnish in tlie 
same manner as befure, and stacked to dr>% 

At this point tlie upholstering operation begins, Set^ of back springs 
arc put on the seat backs, materials needed for tipholstoring. inchiding 




The Beginning of Ihc Pidnliiig Oj}erd;iun 
Euat cuJ of tbc Imck vbcrp tlic bwlii'fl itajt rrix their wny^ Tbc tvo at the ligbt ircrr nEimiaij u tiw 




Spraying a Body with the Priming Coal, in One of the Small Primipg Rooms 

«)mky uiokiiic |iIiu|o|;rcij'Ii> LUip^jbiblf aaJcr onliiijiry norkn^rifC'titiniU' The workm^b wc&rso 
Eiuijk whcfii'ViT hr b ibeliinlCji' jJniuUDg 

sas 



364 



FORD UETBODS AND THE PDRD 3II0re 



purtiiilly finUhed '^ back u&wmlvlies/* a hig bng of h»ir, trimming strips, 
etc.» are damped into tlic insicle of the body, just tL^ it is sliovcd onto an 
inclined hclt-ccnveycr whicli takc& it to the floor holow. 

ilcrc it is di'pusiled on a metal- topped table, tunioil tliruugh an 
angle of 180 degrees, and piu^lied onto iJie '*mliliinK detk," wliere tlie 

exterior (itirTacc is given u thor- 
oi]j>Ii rnhbing v.\k\i piiitiice unci 
water. The ^iume type of track 
eonvcj'CTjsystcm is employed here 
to keep the work in progress. 
Instead of idili/.ing an unliiiar^' 
'*ruijljing ileek'* where the bo<lies 
are tnmed up at %*ariou3 angles 
:iiid mnst lie handled by hand, 
with mueh bil>or and ineou- 
vcnienec, tlie Fortl eiifjiiieers, 
with their «»in moil -sense way of 
doing tilings, Itnve inmnitetl tlie 
traek ill the eentcr of a eonerele 
gutter, along wliicli are placed, at 
regular Iiili-rvals, water itiillets 
fln*l pans of pow<Iere<I pnmice. 
So conveniently »rran|:ed lfle^*c^y- 
thing tlmt after the bo<ly starts 
on its journej* acn>ss Uie decJc, 
tliere is nothing but rubbing, 
washing, ami po1i?diing to l>c 
tloniv This work i^i a4^-t-t>in|>liHlied 
under the iiidst favorable condi- 
tions. Tlie bo<lie^ are always at 
the pn.ij>er lieight anf) in the 
proper position so that the work can be dune without stooping or man* 
iial handling. 

Tlie pumice and water can be used freely and the work done wclU id 
the time allowe<) for pnigrens across the <leck. 

^Yhen it arrives at tJie other eml, at the beginning of the two purullel 
upholstering Uaeti, it is ^nionth and dry. At this point tJie work i& 
tnnied through an angle of flO degrees, divide*!, and started down two 
]i;ii^dlel Inieks running the full length of the fiturlh (loor. 

Already provided with materials, and starting with the foundation of 




Flowing oil the Second Coat of Blue Blsck 

Mole tjpc of in<^.h usrcl, rtnJ drain IfltLlu in «*p(i 
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itjiriiigis prifviunsly fiist*riw'<i im pWf nl the emi cf tW cnlor-variiisli ojier- 
ation on llic upper floor, the iipholstePeis now proceed lo fasten Uie 
niadc-up ** cushion hacks" to the botly* by tacking the materiftl firmly 
to the lK»lloin itf Ihe liack of the :^ejil, fini.shing it up with a strip of w«lt 
ami hluek-he^uled uphol.>«terers* tack-^ 

The side=i are treated in a like manner, l>cUig huilt out hj' constantly 
inlmdiicing enrlr<l hair lakcii from the large bag of hair with which each 
body is siippUcHl. Tin? burlap is tuckt-d lo {hv edgt* of the tup uf the 
ficut, ^tutfeil. and }iewe<l iti platv. More hair is then forced in ami a bijf 
roll made by pulUni; the leather over it. It h fiiiiahtx) with the wett» 
sMviirely taeknl in phux.-. 

A iiiunbcrijfiuen work on the sftfiic body ut the same time; some walk- 
ing ulun^ the oul^^ide and sumo riding inside. Each man does his jtib and 
llien funis it over to Ihc next man, KO tlnit t[kepnxe.H.s in a continuou^our. 
TliL' ljody> all this tiiui% is moving tovvanl the "finish varnisli *' i-ooui. 

l-'inally, when the main part of the upholsterinir i» finished, hok^ are 




Lookiag South along tbe ^'Rubbing Dfcck" 

Ni»1* tlir ■li«!r <lrit™ «|iTi*Ii V"nllr^ t-ntiv frtnii tin- <'i»|i»r-vfflnii»h <Jt(iurliiu'Ht "u U»c floor nbflvr. flnrk 

spriaict |iut tP Chr Imrki «)f (lit M-ut^ may tx *rcn In iUp Ixtilv ctmiiiiK <l-iAvti Uic liirliitC' Ptittld- 

jcntpli Uknn wliilit wurk wjn tii pfiJ|,TP», M cridmccj by the mcrtvinmi of Iho ansa 



PAl?rnNG, JAPANMXG AND UPnOLSTEniNG 

drill<>d ill the door frame mid door, and the door straps put on. Tlie body 
is llicii ready to Uc clenni^, prcpjinilorj- to reccivuig lU final vami^i 
coal. This deanmg i*< done l\v two giant VHrmnn clvanen*, wliidi 
remove all tlie hair, biu of leuUwr, llireiLd>, uiiil dirL, from Uie interior. 
Tlic exterior, in the meantime, is being wiped carefully nnd tliorouijhly 
by han<L 

In its progress \]w \ux\y b;is, by \}m lime, started to cnler the 6ii«l 
vamir^h room, through ati opening in the partition extending well into 
the final finishing nmm. 




On the Upholstering Lme 

N«te 1^ larxc uuiubcr of Dim iturkinn tm Itjc bml^ ul \hf. mide ticne. 

Here the "finishing varniair' is "flow'wl on" in the same manner aa 
Uic other coats, and then carefully rrloiichcd by hand, in order to iuBiirc 
a perfecJ surface free from air bubbles, dry spots, bits ol hair, ami dust. 

A met<4l cap U placed over the da^h. so that when the body is handled 
it can be .set upon tliis end without injury to the finish. 

Individual trucks, tittcf] with draining troughs running around idl 
four sides, are lined up along the side of the track. Wlu'ii a body comes 
to the end, it is slid off onto a truck, shoved over to a man who acts in a 
dual capacity of in-spector and final finijiher. He looks t lie job over care- 
fully, touches it up slightly, if it needs it. and then tnms it over to a man 
who jHtshes it back into the dark part of the room, where the bodies are 
allowed to stand until dry. 
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Nowcomestbeonlyreal break in the finLshing-|>roccsa line. There is, 
A> vol, no rliiite or conveyer down which the bodie-s ^o afler iK-ing var- 
ijj.shetl. Tiie next ojHrralioiis^ — jniUing nn of the wuniiliirM, lop. and 
other equipment — are perfomie^) on the tliird floor, to whieli tlie bodies, 

thcrcfcH^. arc tran-^fcrrrd as sood 
a> they nfr MiHicicnlly dry to |kt- 
mil uf hundliug without dama^. 
In llie Top DcpartjuoDt is to 
\te found a very tntrrrsting frat- 
tnre of FonI o»ii*tnicti<rti, be- 
cause it IS one of I he few places 
where individual fittini; stt^ms to 
lir nrrr.sAarj\ Each FonI wind* 
sliirtd utid top U Htted to ibt spe- 
cial iHHly. The pultiof* on of Ihc 
top and curtains is a real ''cu»- 
toiii^Udlored'^ job. 

Starting on the third floor, nl 
the ea^t end of the building, the 
lH>die-.H are again put on the con- 
veyer track, and the windshields, 
which hftve prt'viously been made 
up in the Windshield IVparlnu^iil, 
itiui trarLnferred hi a fiiii>lii-d con- 
dition to their proper p^teilion in 
tlic Hue, are now put on. Each 
nindshiold is specially fittird to 

an individual bodv. 

■* 

By this time, the hofly boa 
ri'HchLd a point whtre it is ready for thf lo]>. Top Ikiws are niadtr in 
a department near by and drlivunvl m a fuiishr^^l condition at pntjier 
jKiintd ulong the track for attachment as ihe bod^- reaches that stage of 
completion. 

From four to six workmen now W^in lo work on the job. One puta 
on the rearbowB,arotlier the front, Jin4»llieradju^t^ Ihe brace rod)^ which 
hold Ihe bow5 in tbtnr proper ijo^ttion. 

\Mrilelhe lnpbo1t.snrelKMng tightened npa»<l truHj«roiUand .^^prt^ad* 
ers adjusted to proper position, the side pads are thrown ov&t tlie lop 
and nailed oiv; other men put on theroof of thetop, whiHi in composed of 
the "deck" and ^^quarters." The "back slays" and "hack curtain*' 




Ginnjc tbe Body lU Final Touching Up 
«ft«r ttic Vixuih Varnish CoaC 
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PuttiDK OD the Tops 

Note ihf «up with wtuch tho vi>rk ia cTcdc — no jloopinfl. Rood Itcht rni^l flnoJ wnliUtJon 

are wkiii added. Thin material is iliroivn on oa tant a.s pa*vil>lc, waiting 
o[>rrator-H strp up Ic* the frarnrwurk, (piickly lark the tup material Into 
place; thp l>ack nirljiins anri Hide ^tiiv^ :irc tiiiilefi to the hmW and to the 




At Ihe End of the Track where Tops uid Curtams Are Put an 

TIk tG\]a platform al ttt Ittl Ironf iwiHTTi-i the l»od]o» Aciosf the loom U* the lo;> of an ldcIid? tvftdiDg 
tci tLc tLdsis-bixl^ <Luriii)>TiDK I'FiUicc- Tbc buU^v ib ibc fiKLi furrnound hu its tup ticid duws Ukd 
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lop of the back bow; the '^quarters" and "cJedt" are then Rlretcheil 
tightly over the framework, drawn clown^ tackcel «nd finishcil with a 
"well" str!]). 

The cushions, horn, ami pa^tclioanl for the bottom of tJie rear seat, 
tlic tnnt3 and foolboai*<h arv tht^i Ihrown in by a man who does nothing 

else but make up these 
things in h imckiigt- and 
pa^ one into each body as 
it goc» along. 

Other ni<m Eire engaged 
in ljtlin;{ llie Kide curtains, 
T\Uich is unolbi^r job rc- 
quirmg special care, l>c- 
riniNe fttch wl of cuHaiiui 
is cut to fit n parlirular 
body and lop< The eye- 
lets are pnt in, uiul after 
eitrtains have been*'tried 
on" a second time, the 
^ hole job is inspected. 
The toj> Is foldt^t dnvi n and 
securely tie*l, all lcK>se arti- 
cleii ficciircd. Ihc doors tied 
shut, a box of tools tlirown 
in, after which it U ^ivon 
a sIjovc onto a roller 
plaffomi. This is Met at 
right angh*s to the con- 
veyer track, and curriefi 
the body to the top of the incline leading to the " cbiusis*bo<ly a^tacni'- 
bly bridge" — the end of the process. 

Tills, then, Is ihe storj' of the finishing of tlic For*l body- 
The Ford lactor\' is one of tlic few manufacturing eslabltshmcnta 
where the visitor is actually able to observe, within a short period of 
lime, the snecesaive operations involved in the finishing of any pari iciilar 
part. The pamting and upholstering proc^esses are especially mteresting 
on thiA account. 

The most impressive spectacle in the machine shop, thai i»f the 
ahnost magical growtli of a cliassis, is here duplicated on the body. 
Groups of men slowly walkng alongside the work, seem with almost 




THe tiia&sis-Body AGEembiing Bndgc 




A Cushion Pres^ m tlia UphoJsttTuip I'^iurlmeat 




The Cushion Assembly Line 

A diALU ttmveyiK ituivinir abuul & fnt pr miiiut'' Likr* iIh- [ilf^c uf » lit'Dtli; ritjiActljr 1A4 riiiJiicias per 

huur. A «mil&t tytmrtyoi line running CO Frcl \n:i miiiiilL' 13 ii»>J Inr wukih^ \ttK\a, ^lith a 

npul^ of 1^ tMvkjt trr '*trtim" j>ct huiv 

371 



375 



FO&D MKTHOna AND THR rORD 8IIOP8 




Cuttuig Out Mftterial for Cuahioos and Backs 

Ndte vleclriv kbifv uecd on right-banil lablc 




Women's Department in the Upbolstcring Shop 
Wdl llghtMl, ol«D Mid plfAunt quulct* to vLbcb th* loviti^ is doDO 
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Aladdin-like ease to transform its exterior appearance, as rapidly as the 
Hindu fakir causes his familiar bush to grow from the seed to maturity. 
They put on the paint, add the upholstering, top, and windshield, inte- 
rior and exterior accessories, in an incredibly short time; so short that if 
you did not actually see it done before your very eyes you would declare 
it to be an impossibility. 

The ease with which the work is handled, the almost entire absence 
of trucking operations, the prevention of waste of time, energy, and 
material, the manner in which the minor assemblies are constructed in 
bays along the track, so as to be near the work at the point where 
needed, the fact that all the men employed are not so-called '^skiUed 
laborers," but men who have received all their training in the Ford 
shops — all these things show the careful and common-sense manner in 
which problems of this character are attacked and solved by the Ford 
organization* 

How THE Cushions Are Made 

As an illustration of how the ''minor assemblies" are handled, it may 
be interesting to describe the making of a cushion. A frame upon which 
the cushions are built is first laid; the top of the cushion, which is plaited, 
is placed over this, and what is known as a ''fence" is fastened around 
the mould. This makes a box-like framework, into which the curled hair 
is put. The foundation is then laid on this and the whole thing carried 
to a press where a "follow board" is put on. The cushion is then com- 
pressed, washers put on, and the buttons clinched. Burlap is then sewed 
to the foundation and cushion, the clamps taken off, and the cushion re- 
moved from the mould. Cushions are then clinched to the springs, after 
which the whole job is inspected and transferred to the upholstering line 
for assembly with the body. 

The back cushions are made up in much the same manner. The pro- 
cess of cutting the stock is clearly shown on page 372. The leather is on 
the right-hand table, the burlap on the left-hand. Material is laid 30 
deep and 210 jobs are cut at a time. It takes two men about two hours 
to do this work. The electrical cutting machine is clearly shown in the 
foreground above, on the right-hand table. The lower picture on page 
372 shows a battery of sewing machines in the Upholstery Department, 
Forty-eight girls are employed in this department. Here, as in other 
parts of the factory, machines are arranged so that the work moves in 
logical sequence and is conveyed, by means (^ a belt conveyer* from 
^id to end of the room. 




BtovAtof IHtwg Whecu u. Sun Thwa 

w th« Jounwf aiooc the AehAJ 

Tfack to the Pauu SUp 



on A 
ofFord 
aoE p«rU 
itf tbr top maAt m Om tlrfiari* 
nKnt: tWckri&ibdqaarLers which 
form the roof of llic lop, the ctir^ 
V. tbr G^ls* the combmation 
curtain ami hack stii^\'s. the 
paU^ which 6t oo the curve of the 
bov,\ and the bow cov-crs them- 
selves* 
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Two of the Centrifugal Whcel-PaiDtLng Machines 

The puml vaU art^ mvunlc^i w Itu^l tbry ma he mucil aei^I ]i/Arn>l fur k(i|jiiKTj;i(ig tht: wbixL llic coii' 
■injclKrn uf the nkcfl ruDway ie pbinly bccd 

llow TiiK Bows Aitn Mauk 

Tlic Bow Dcpartiiirnt, wliicli has a rapacity of about 75 sets per 
hnup, also fiirnislics a very intrrrsting cxampip of roinpnrt assembly, 
Tlie ten opcratioiLs rtHjuirL^l iiro us follows: Tlw I>ows an- firsl (>njkrii 
open; second, infl;)ecteil by ^au^i^ lliiixl, sawed to *ixc; fourth, ends 




A Comer of the Wlieel-Drjing Room id Ihe WlicH Paint Drn. ut 

A LubuW lUDvray paoMi iluffP Lhc (T^t«r, ■ad Uie mcLlod uT AtuklnK iirvvciitii tbc mlirrb tn^ta rvlUng 
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simped to fit bow socketn; fifths a Btnall strip is added to the top of tlie 
Ik)w to keep Mic covering from ^figging: j^txth, the "stocking**' arc put 
OU — that iSj the hows are (*over«l with clotli; scvenlh- tW >«H.'kels iire 
examined; t-i^hth, bows arc driven into sockel^s in pairs and then put 




Puttjug on ii Tiie 

onto a conveyer on which Ihe straps und titalfntTs are added. Tlie work 
\s dune ut n puint ni^Hr the lop-assemliiy line, so thitt nt> lrut.'kiii^ is neces- 
sary- 

Paintinc; Fuhd Whicels 

When you stop lo think that the capacity of the Ford plant U 300,000 
cars iKT year, and that each car i» equipped with four wheels, you will 
gel Home idea uf llie niiinherof wheels that mtist lie (>ainte<l an<l thrilitTi- 
culty which might be experienced in handling, painting, and "tireiug" 
sucIl an enormous guaiitity, 

Alxiiit U(H)Oseb*are run through every Shonr^. hy a force of 27 iu«ni. 
It was fnrinerly iiecevsary to truck the wheels from the nidoading dock 
to the paint shop. This, however, has been done away with by a new 
form of conveyer, the operation of which is sinaplicity itself. 

The picture*! on pagen 374 and 375 fihow the manner in which the 
wheels are handled. They are put in a runway on the unloading dock 
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and carried uphy means i»fa.n elevitUirlua track slightly higher thaa the 
level of Uie third fi<»or of I>iiilding "H," 

The wheels ihereforcrun in imderforceof gravity, and finally roach a 
point when* they are stopped in frnnl. of a eenlrihi^al painting machine. 
Tiiese painting machines are unique. They ecmwst, as will l*e seen by 
referring to the illustrations on page 375. of a circular paint vat, the 
revolving spin<ile Iwing driven by means of a Ixrveled gear mechanism 
fn«n the shaft above. The wiieels are picked out of the runway, placed 
in a horizontal po^^itioii on this p>pindle, entirely submerged in the paint 
an<l then raised above the surface. The paint vat moves up and down- 
not the S]>in4ile< The i>ower is turned on and llie wlieel is spun at the 
rate of about 7iO revulution;^ per minute, which drli-s it sutheiently to 
be handled. It i^ then placed Imck in the rack runway, given a &hove 
which sends it rolling down to the end of Uie storage room, and there 
picked out and pile<l rr>r tirying. Ijater, !t is again put back in its track, 
and rolls an>un<l to a |M>int where it is given its seeond cx>al of color var* 
ni^li ill the same manner, except that it is spun at a little slower speed — 
almut 540 revolutions per minute. After the i>ainl!ng operations are 




Eaamelmg tb^ Wiad-Shield Framesi Showing Dipping Taoks «nd DrmnJng 

Conveyer 

fiate tow Uie parti mrt lumn lo fvsurt prrrper dn^ipinf — alan Dprmug in the wall (in iLe bukgrvBgdJ 

Ic4ittng lu tbc ovcoa 
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Sectional Diagram of Ford Fonder-Enameling System. Half the Length is Shown 
above. The Section is Completed on the Opposite Pago 

finished the wlieel is put hack in its track and rolls to the tire room, by 
gravity. 

Where the Tires Are Put On 

The tires come iip an incline to the third floor, pass over the body 
roller track and down to a flat helt conveyer, which carries them finally 
to the tire-stora^'e nxim. Here the tires and wheels meet and are put 
together, after which they are sent down a chiile to the chassii^-asseinbly 
line in the machine shop. 

How THE Windshield Is Enameled 
On paffe 377 Ls shown the method used for dipping and baking the 
enamel on the tube that surrounds the windshield glass. Two endless- 
chain conveyers, set side by side, with a dripping tank at one end and 
baking ovens at the other, are clearly shown. The irons are dipped and 
tlicn hung in u slanting position hy a short wire at one end and a long 
wire at the other. They travel in a westerly direction over a l4-root 
drain, retpilriiig 25 Tiiinutes to reach the t»tlier end, where they are 
removed by the oven operator and hung in pairs on the cross bars of a 
traveling chain which traverses one of the vertical bnkiny; ovens. These 
bakhig ovens are built on the outside of the building and therefore do 
not take up any of the flour space of the department proper. The ovens 
are about 30 feet high and contain four gas burners. The speed is so 
timed that it takes 25 minutes for the rods to make Uie trip- The tem- 
perature of the first oven is maintained at approximately 350 degrees F- 
After this baking operation, the parts are placed on a l>elt conveyer, 
which carries them back to the dipping end of the second endless-chain 
conveyer. In the photograph you will notice the man has just started 
to pick a part off the belt, preparatory" to dipping it in the second time. 
After its second coat^ it is hung again as hef*3re, travels the length of 
the second draining tank, and is taken of! and hookcil to the cross bars 
in the second oven. This runs at the same speed. The temperature is 
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Secdonal Diagram of Ford Fender-Enameling System. Completing the Section 
of which tho Other Half Appears on Vie Page Opposite 

sli>ilitly higher — from 415 to 450 dogreea. The capacity is HO wind- 
shield frames per liour. 

How THE Fkndkiw Are Enameled 

Tlie enameling of the Ford foiulcrs is a very in!^^^'iting jirocvss and 
one which requu^s some cxpluiiutiijii oil actviint of the uiiutnial mauncr 
In wliich the work is kept 
in progress. Despite the 
fact that, owing to the 
bulkiness of this compo- 
nent, a greut amount of 
room isonilnjirily requii-ed, 
by an ingenious syiilein of 
ovens mounted on tlic roof 
very lit lie nrlnul flnor 
space in the shop ilscif is 
needed under this improved 
syst^m- 

The acconijianying il- 

hjstrationA \vill aid the 

rra*lcr in understanding, in 

a gun oral way, how the 

work is handler! and the 

proc^css of baking made 

u I most continuous. On 

this piige the workmen are 

seen dipping the fenders 

for the lirst coat, after Where Fenders arc Dipped and Hung on the 

which tliev ait- hung in sets ^""fl^^^?^ ^i^"^*^?"^ ^*r^;?? T^^"^ 
. , ' ^, - through the bteam-Heated Dnppmg 

of four on the cross bars of Otcji on the Roof 





Where the Finished Fenders Axe ToJien Ufl 

Pi'mJiTH whifh have r^ivivnl tbrir anvod i^dt &tiil baking nrr rrmoV^ itom Ihp lin*. Tboor wUch hhXm 
hud but onp c<4l tn aiitoiEUDcsilly di|>p«l uittii 4Dd trnt ^^b a (fccnd jmincj itifuugh Lbr 





RemovLog Feodcis from the Draininf" Conveyor Traversing the Steajn Drjtn^ Roomi 

uid H jinpng Th^m on the Conveyor Which Carries Them Through the 

Gas-Ueated BiUUng Oven en the Roof 

Note gtua «ad«tirv It Ict«pdiif1 usay from thcfrsbtj- pAialed nirf ace 

WO 
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«u ciidlr&s-<-)i»irt ruiive^j^er^ ^liit-li (;arrie.4 thetn llinmgh r draining, 
steam -lioato<l enclosure on the roof above. Pa^e 380 shows the 
point lit which tliey are taken off and Imng on another emlless^hain 
conveyer, which carries (hem up throngh another nvcfi on the ronf, 
heated to a temperature of ahout 400 degrees, by fourteen large gas 
hurners. The ilhislratior on thispof^e is taken ulon^ the ouLside of this 
oven. Page 380 (top) is taken at a point after the fenders have come 
ihi'ough the lilting oven and ure ready to pass on atid \w uuto[iiRt]c;dly 
dtppe<l in the tank at the right. This ik whi'i'c the>- recL-ive their second 




Outside of theGas-HedtedOveos, Built on the Roof, in Wliichlhc Fcudcrs Are Baked 



coat, passing on through a s'^s dripping chamber hack to the oven on 
the roof agauh rcedviug their second baking. They Uien return to the 
same iH>inl again* aitd are removril in n finiKhevi eiin<lition. The fir^t 
conveyer can In? run at a speed of either ^J^j or 5 feel per minute. 
The second conveyer running through the oven, travels 5 feel per 
nLiniile. 

The raparity of ihe fender oven i* 480 front femlers or 240 rejirs per 
hour, fiist coals, an<i "^lO frniit fenders or J 20 reart*, second coat^. 

Page SSa shows how the hoods are painted. They are simply dipped 
in the nnHnary way, hung to dry, and afterwards baked. The picture i^ 
fielf-explanatorj'. 
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Dipping the Rear-Aile Assembly 

Lc«diug tfjick Irum Uw iVtppitig vaU ii Lhc Ln^>k (Irwn vhii'h the pAtt gucv tu Ihtf uTevmlor ■faMPS on paffv 3913 
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Putting the Reu-Axle Assembly Lnto the Elevator CArryiog It to the Floor Above 

now THE Rear-vVxle Assembly Is Painted 

The illuslriU tuns on page 9S2 ami above slmwhnw Ilierear-Hxli-Jis.sfiii- 
blj' is painte<t- In the foreground ut thu former view will be seen llie 
tank filled with paint. Into this the entire rt-'a-r-axle assembly is dipptvl, 
with the exception of the forward part, to which a set of n:»llers is 
attached. Iiiiinixlintely H(tt.-rivHi'il» it is eiidt^ up so Ihiil tliese ruHurN 
fil on cither f;ide of an I-boani track. They roll by gravity down over a 
dripping tank, and arrive at a point shown in the cut jujtt above, where 
Ihry arc rem(»ved and went up, by mean>* of an elevator, bi a hor'^ontnl 
baking; oven located just under the ixiot. Here they are ciirriecl on by an 
cndless-ehain conveyer thrQU;'h an oven about UO feet lonff, the interior 
of which is heated to about ^00 degrees. At the end of this 4.?'m nntc 
journey. (Iicy are lonentl by anotlier elevator and removal by the 
vrorknuLii to await carriage to Uie a^ieiubly liue. 



Chaptee XV 
THE JJEW FACTORY ADDITIONS 

THE economic significance and effect of the general form and plac^ 
ing of work-shop floors is not yet so fully comprehended by 
industrial architects as to have evolved any one single form of 
factory building which has received widespread commendation and 
acceptance as the one and only best structure in points of low first cost, 
durability^ convenience, and perfection of floor arrangements for hous- 
ing workers and materials for the production of comparatively light- 
weight machines. 

For the production of heavy machines, in whidi individual gray^-iron 
components may weighs say, from 100 pounds to 100 tons, handling of 
components is the principal thing to be considered; but few pieces, com- 
paratively speaking, are to be turned out, and there is little room for 
novel improvements in design of the plant buildings. 

The forge and foundries are likely to have contiguous placing, and as 
the massive components leave the loam mould or the steam hammer 
they move in stately procession down a wide middle way, with huge 
machiae tools on either side, to the place of launching or raUway shii>' 
ment, assisted by rollers, raUways, and traveling cranes as best may be, 
with no sojourn of finished components in finished stores, no rush requi- 
sitions tor rough stores, no army of truckers and counters and inspectors 
dealing with rough-stores consigiunents received. Under these condi- 
tions the factory buildings must fit the work, so that the architect has 
little or no choice as to the forms of shop structures which are best suited 
to the form of expected production, since the form and weight of the 
product itself determine the shape of the structures best suited to house 
the industrial agents to be employed, 

With light work, like the Ford car, where the heaviest rough-compo- 
nent weight is only about a hundred pounds and that of the lightest 
piece produced may be only a few grains (as is the case in the Ford shops 
at Hi^ilaiHl Park), and where the business demands the piaang of thou- 

88ft 
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MaxibhesUr Avenue Side uJ ihc Toid PUiiI, iooki^ig Kt^iUit^:^t from Wood w&rd 

Avenue 

Showing llw loUl Miui?h«tcr Avodu« fronUffc i4 IT]t8 fret, vltb tbc Qtw bulliin^ ■! Ui« citnuK riclil 

sands of workjiMMi and very many workwomen^ stxc^^ sepitratcd. as 
dost'Iy togpllier us piihMhIe on llie fiiclory (looi*^ — llipre Ls plenty of 
room for cnrefid preliminary considenilion and hold flislita of iuvcnlioo 
in planning and dr>ii;^ing the Ue^t posvsiblc factory huilding. 

The Toixl shop rondilions when the- Ford engineers liegan ilesigning 
these new factury addilioiis were his'ily salisfadury from a Bmincial 
standpoint, hut wliolly unsatisfnetor,- from the shop general -manjigcr'a 
position, as the factor;" production hus been constantly l>clow the prod- 
uct-purchasers' deiiiiLtidf fnMTi (he day ihul llie snmll Fond car was first 
sboivD at Maditton Square Garden. Every year saw the »;ale}> doubled 
or trebled, with the fuelory slriviug as best it might to mwt the pur- 
€!lnLser*» deinand.s by adding to the factory plant and to the nnnd>er of 
worktTS employeth with no time whatever for studious cotL^ideratiou of 
faclorj' betterments iind labor eeonnmixinff- 

Thcre was not floor space enough; machine tnob and faetorj' depart- 
ment** were not plaewl as the manageTnent knew they >ihitnUI be, and 
more than a thousand men worked as truekers. pushers, and droggeifi 
cngaKC<I in nccllciv'H handliuj^s of materials and work in progreai. 

There was no itlicf in sight. Tlic Ford sales system, including 
brarieh buildings and agencic!* scutlered broadcajJt, it might be said, 
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over the entire habitaUe face of ibe world, created a deumiid for the 
best low^ijriccd car c\'cr offered for sale, uhich the Ford car certainly 
was, and no one knew tlic ultimate Ford-car purchase volume. 

Under these commereirtl condilioti** tlit* first rvsi.'ulial was abundant 
floor space, and the second indj>pensah1e requirement was for mechanical 
transportation inside the factorj" walls, to do away, in so far as might be, 
with Imnd tn[cking and hauling* 

The old buildings had been equipped with monorail tracks and 
electric locomotives, to^tclher with a cmne-way opening to most of the 
departmentji; but these device-s could not reach tlic entire inter-dqwirt- 
ment traRic, which was a constant and costJy feature of the Ford*shopa 
routine. The ground plan of the works was already lar^je, neeessilating 
long lines of travel which must be vcr>" much incrca3c<l l*y the length oE 
the new additions; and because of the great floor-space neede<l it was 
decided to give the additional buildings six floors in each, to make each 
of the floors 60 feet wi(ic, and to extend them 008 feet to the eastward of 
the John It Street wall of tlic old shops, on the south or Manchester 
AvL'Uue side. This would bring the eiLstt'rn line of the udditiuus about 
e\'en with the eastern end of the foundry, which is next the railway on 
the north side of the Ford Motor Company's premises, and leave space 




Looldog Southwest Down John R Street, Showing the Biiige from the Old Building 
at the Right lo the New Building at the Left 
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for five more similar f^tructures between the douLb line of the tomi* 
atxl the north line of the two new buildings liere under descriptioa — 
seven new buildings in all. 

To meet the requirements of both rough-stores and finished-products 
handling, the plans included a railnny track between each two of the 
new buildings, with two electric traveling cranes of 5-tom( cajHicity 
each In each crancway, and Ibey provided tatidifig stages for e^ieli fl<wr 
above the first, staggering the landings so that cticli one was fully open 
to crane service from overhead. The manufacturing departments were 
then so arranged that rough stores could be liamlleil by the cranes 
directly to the top floors^ and tlienee descend by gravity slide* to floors 
below, so far as mi^bt be found feasible^ so that the single product, the 
Ford mulur car, mlgltt be finally a&sembled on a tower floor or floor*, 
and be loaded directly on the railway freight ears, all with the least 
needles travel and handling that could be contrived. 

At the (late of this writing, August ^, 191-t. two of the seven con- 
templated buildings are completed, llie soulh building, on the Manches- 
ter Avenue north line, having a railway track on Its north side only^ und 
hence having crane sen'icc on the north aide of its floors only; the next 




North Side of New Buildings Showine North Wall Cgnstructloii 
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Hollow-Coiiinin Air Dislribtitit*n System 
Wot «nd of thf fifth floor looUog north. Cruvtwny m the rt£ht dif) 

huilding to the rtortli 1ms a railway on cacb side nml crane service to 
earh sUle of it-s fionrs, and the first floor of each Imildinj* is placed at the 
railway car fionr It'vel, so Uiat tlie first-floor conlinwuiH |ilatj()r«is need 
no crane flervice. Theeranes are in place imd working and the ventilating 
and "air-conditioning" units arc installed, but arc not yet in operation. 

A very unportant feature of the ventilating system is the avoidance 
of all air-p)[)es. gained by making all the tnHide floor-supporting columns 
hollow, with citlier one or two opening:^ in each hollow column near the 
ceiling of cac^h room, each column air-opening being covered by an indi- 
vidmd dumper. The hollow columns lake air at about 1^-inches 
waler-hcod pressure at the top, as supplied by eight ''SirotTo" fan "air- 
con<litiomng*' uiiit^ (American Blower Company'^ vctililatin^, heating 
and 4*onlirig jiysterti)^ llic volume of air fortxxl iulo each culumn being 
regulated by an individual damper, thii^ air being delivered to each room 
with damper regulation for caeli opening of each column, so that the 
delivery of ven1i!ating air ean he ***i din.'clfr! and ap]i*iriioneil iis to 
obtain satisfjurtory circulation of ventilating air tlironghout the entire 
space enclosed by the building wall-s. 

This novel scheme of hoi low -column air distribution was fully 
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Roof of the Nortli Buildings Showing SkylighlSi Air Ducts, Pent Hcuse^, aud Crime- 
way Class Roof 

Tkc upper vitir b token lookiju imt brtTr«a llic cna^my* uf itic Dcirth buit-IInCH the lotrcT b tMlciDC 
taiiLvfly on l£c MoocbaAcr Avcdik udc of ibc *4Ulb builJiiif; ruof 

worked out and drawiugs were made for the seven new buildings about 
two yfar"* W-forc llie n»Tistruc"tiun of lh*-se two Vnrtl fac'lory julditional 
buildings was begun. In tlie meantime this hollo w-eolumn nir-distribu- 
tion had been fully tried out in the new building of the Ford plant at 
Ford, Ontario, where it was found to give satisfaction in every parliciilar* 
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as first clesignetl by the Fortl engineers and architects. As the inside 
floor-supporting columns are spaced 40 feet tauter to center, the use of 
hollow columns as air distributors* each column alr-delivcry opening 
being covered Vjy dampers ^o that the volume of air delivered at that 
point could be regulated to suit the requirements of ventilation, heating, 
and cooling in the most suitable and satisfactory manner, ensured the air 
circulation in ever>' part of the entire factory building at the lowest po3- 
sible cost in money and with highest possible economy of enclosed 
space. 

The value of this hollow-column air distribution cannot be over-esti- 
mated, since a separate system of air pipes capable of furnishing equiva* 
lent air-distribution facilities would entail such added cost, such waste of 
floor space, and such architectural disfigurement {is to prohibit its instal- 
lation. The only ol)viou3 alternative is the forming of air passages in the 
thickness of the fltxir and watlls, entailing impossible retjuirements for 
the preservation of needful structural strength, so that this novel con- 
ception of hollow-pillar air passages seems to be really tlie only practi- 
cable method by which a large factory building can be ideally cooledt 
warmed and ventilated. 

The details of this new Ford system of ventilation combined with the 
American Blower air-conditioning and Sirocco-fan circulating will be 
given In detail later in this chapter- 
Ground was broken for the foundations of these Ford factory' addi- 
tions early in July, 1913, and the atructiires were completed about Au- 
gust 20, 1914, 



Cost of buildings only , „ »1.039,7»S.89 

Cost of elevators 33,500.00 

Cost of cranes 11 ,950,00 

Coat of ventilHliiig syslem 5],97S.4L 



Total Cost »X,14T.U7^ 

Floor area about fi87,500 square feet. 

Coat per square foot of ttixir $1.^1 neaAy 

Length on Manchejiter Avenue 84^ feet 

AVidth, over all , 

Width of cr,rh croncway ^ - . 

Width of f]*K>rs in envh b;iiMing 

Main roof slab above Manchester Avenue , 

Cranewoy peak, above aidcwalk 



201) feet 
40 feet 
60 Feel 

75Fe«t 
bO feet 



Six floors* Prom railway track to top line of first floor. 3 feet 6 inches; top sUT- 
lape of first fltxir to Ut\i sitrtw.t' of ,se<'<>nd floor, 14 feet 1 iucbes; top of seeoud tu top 
of third, H feet; top of third to top of fourth. !•£ feel; top ol fourth to top of fifth, 
1^ feet; top of filth to top of aixth, 12 feet. 
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Walls 

Brick-work for all walls U carrie<l on the concrete linteU over the 
winclow.*^. In general. \he *ii(le wallfi arc Hj/^ inches thick anil 4^ inches 
Ligli from the floor lo tht* liottoiu oF tin? window sa.slu Tho hnck wullai 
of Uie elevator shafts and the toilclfi arc aUo carrietl on concrete beami- 

to eucli floor and are 8j^j 
iuchcj* thick. 

Flooh Construction 
Usual concrete flat slab, 
with niushroom-t>T>c pillars 
spaced 20 feet each way, 
(lours ri'mforeed with 
Cumbria Steel Company's 
twislt^ ^(juarc bars. The 
Hour nafe luud \s ^0 pounfia 
to the s<|ijarc fool, safety 
factor of 3. 

Columns 

The »io!l Lh 36 tncheft 
louui. then blue clay to 
lUucstoDc. 

The column footings 

are about 13 feel square, 

with reinforced - eoncretc 

ha^Q. extending about 5 Icet 

below firsj flinir. Tliere 

are 17^ cohmins on each 

floor of each building. 

spaced 20 feel each way. 

All interior eolumns are hollow and serve a^ air passages; they take 

air from the top (see the detailed description of the ventilation) and 

deliver air through rectangular opening*; covered by dampers, the 

bottom of the opening lK:ing about 9 feci alx>ve the Hoor, 

All miliiiniis on the firsl, second, third and fourth floors are steel 
lattice work covere<I with concrete, rectangular in form, comers 
bcmg taken off. On the fifth and sixth floors the columns arc round, 
and have thin shcct-metal air pipe?* inside «od reinforced couciele 
outside. 




Cr&IlCt^'dy Dczti m Ed^t Uid vi l^ew Buildings 
Lociktng West 
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The fiolumn air-ways vary in diameter on each floor, being largest 
at the top, and smallest at the bottom. Firnt-floor cohmm air-ways are 
\*i hicht's in illatnt'tcr: wrond fl<H>r, 13 iiiche-s; thin! flf>nr, li iiirhes; 
fourth door; lt> iuchea; fifth floor, 17 luches, and the sixtli-floor columns 
have air-ways 10 inches in diauictcr. 

Roof 

The fliil cnnf* over (he Iwo hiiiliUngs are reinfnrceil-cotirrote, 8J^ 
inches thick, then cinders to obtain drainage »lope, then Jj-inch thick- 




Doors on Manchester Avenue with Skylight Caaopy Above 

ncss of concrete* covered by tar and paper, all being of usual construc- 
tion. 

The craneways are eovere*! by lantern roofs, the lantern sashes being 
hinged nl the bottom to permit tlie tops of sa^ihcs to swiii^ inward with 
fittings to retain Hash positions, The crancway is roofed with wired 
glass so that in case of accident no glass can be dropped to orancway 
floor- 

The roof has sky-lights next to the craneways, and each building 
has four pent-houses on the roof, housing the vcntilating^system units. 
From the pent*house?f the ventilating air goes to the middle air pa^^sages 
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Pivoted Window Sash 

lluim «a A vtrlicftl (U(i« to suit vind in i.-itlicr ilirrcliciD. nith ivUiaiDg Gitum boldlof Uma in mj^ Jotrrd 




ElevaUtr SIiaH and Suirvay, South Building 

Noli^ \h^ -% li^iiling o( tbc i^aLir- ink-riar 



THE NEW SHOPS 395 

on the roof, from which obHque laterals open into the tops of the hollow 
columns, all as clearly shown in the two roof pictures. 

Doors 

The crane ways have structural-steel doors vertically sliding in 
guides, at the railway-track exits, in the east wall of the buildings. 
These heavy doors are counter-balanced by weights moving up and 
down in the hollow columns which form the door posts, and are electric- 
motor raised and lowered. 

The doors opening to Manchester Avenue are all alike, large double 
doors for goods entrance at the west, adjoined by six narrow doors for 
workmen's entrance to railed passages leading past the time clocks. 

These doors are under sky-Hghted canopies. 

Windows 

The steel window-sashes are pivoted top and bottom to swing either 
way and so take advantage of natural air-currents, and are provided 
with fittings to retain the sash positions. The north craneway on the 
north side is lighted by sashes pivoted to swing on a middle horizontal 
axis which can be opened and retained in any position from the ground. 

Ahchitectural Ornamentation 

The Manchester Avenue side of the south building is relieved by 
brickwork pylons, carried above the eave line and capped with concrete. 
Otherwise the building has no decorations. 

Elevators, Stairways and Closets 

Seven elevators, supplied by the Haiighton Elevator Company, 
Toledo, Ohio, are placed. One on John R Street is used for male passen- 
gers as well as freight, and one, with access from Manchester Avenue, 
past the tinle clocks, is used for female passengers (workwomen) and 
freight. 

Brick-work shafts take the elevator at the best, the stairway in the 
middle, and form closets at the east. See illustration. The closets are 
suction-fan ventilated, with exit to roof. 

The stairway entrances are fire-protected by metallic curtains, rolled 
overhead and retained in position by a fusible section, so as to drop 
automatically in case of heat enough to melt the fusible metal. 

The elevator gates, supplied by the Quincy Company, are operated 
by a hydraulic vertical cylinder with a rack and pinion movement, con- 
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necttnl ^^ itli n motor^eiirreril switch, ho that tlie elevator plutfonn amnot 
he moved until the. paXeB are fully dosed, The^ gates are pectiliar* hav- 
ing lazy-tongst-giiiflcd. autonmtically-UEtod bars at the bottom, ull so 
as to give a pre<leteriiiiiiet! head-rnom i*itli tlie lea"*! pn*<sil>le verticsil 
travel of the gate. These gate-bottom do^iing-barK were n<lded to the 
regular Quincy gates by the Ilau^hton Elevator Company, to make the 
gatr dose down to the floor M-ith fh<* gatc-travd head-ixmin available. 
As the gales now Jirt\ i\ii:y Iruvr nulliing to Iw desirtNl, being fully auto- 
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malic, dosing down to the door and gi\Hng abundant head-room in rc- 
sLi-ic-teit vertical travel >pace. holding the riirrent away from the dcvator 
platform moturii until the gate is fully dosed and bciiig prompt hihI 
smooth in action. 

The dcvator platforms are 113 inches wide by IM inches long, and 
can handle 4}/^-toii loads. All dcvator scrvitx? is holli cusily and dan- 
gerous, at it* very best, Tliese Ford ncw-buiIding elevators art smooth- 
running, speedy, and safe so far as an elevator can be miuie safe. The 
gates are in cvct^j* way satisfactory- in action* and interlocking the gate 
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Elevator-^Shoft Door, South BuUding, with Gate Down and with Gate Rfliscd 
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acUon with a motor-current Jiwilch of its own, so that no current can 
rcacii the motor imtil after the gittc i?4 fully doxed, does all tliat can 
be done to iivoid accident. The gate is ootable us clo^iing close down 
to the Oour» where it b most needed. Sec Ulustrulious, 

The slairwaj'd have low risers, eoncrele Ircad-'s. and substantial 
pipe-ruil pruleetiiMi. Tlie eli>t«cl» are us xvell fdlett as in urdiuar^' hotels, 
are ventilated by ample-eapaeily suction-fnns, and the bowk are sepa- 
rated by slate partition:^ of 
gitoA height, giving eiilor 
enough of privacy to sat-* 
igfy in some degree the de- 
mands of U-ser*s reasonable 
self-rL'specl, being in this 
particular in stroni; con- 
trast to the condition.^ 
I'tinnnoiity found in or- 
(iin.iry factorj' practiee. 

Women Workkk«' RooihiH 

The arranjjecnent and 
fitliui^ of the women work- 
ers' rooms are well sbon-n in 
tJie ilhistrations. Tlie rest 
room U open to any women at any time, wilh the forewomen's pcr- 
BlisAlon. The wash-room and clothes rack arc reasonably conveuieat, 
all fully as good as the women workers arc likely to have in llieir 
homes. 

The women's workrooms fsee illustration) arc as pood in points of 
light and ventilation as the best business ufiietra in the best New York 
City ofTiLV bulldirig74. This plujlogriijjli wf%s taken before the white 
curtains, sliding on overhead rods, were in place* The wagea of these 
women workers run from 3? to 023-2 cents per hour from 42.60 to 4^6.00 
for an 8-hi)ur tlay, and many of them are in the S.'j.OO rtass. Sii<"li labor 
conditions as theiie should give tlie mamigement untroubled stuoiWrs 
and freedom from worry. 

The Ckanem 

The eraneways and cranes arc the dominating features of therie new 
Ford plant buildings, and taken in connection witb the staggered land- 
ing stages give this building the btat installation of crane service withiQ 




A Women's Rest Room 
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the writer 3 knowWIgc- Tlie second, thinl, fourth and fifUi floors have 
each thirty -seven laiiiling slages, ainl the sixth floor ha>i tweiily-nine- 
The north building floors have twice as many landing sta;?cH as the 
Bouth building. Ixrausc ihc north huildinj; is scn'cd from Imth crancways 
while the souUj building is served from one craneiv/iy only. T.anding 
staj^c^ are ciintilcvcT plat- 
forms of reinforced con- 
crete, 10 feet long and 
projwting feet into tlie 
craneway space, with pipe 
railing at cnd^ and chain 
lengthwise in front. Tlie 
landing stages are stag- 
gered -SO as to each have 
clear head-room up to the 
cranes, 

Eaeh crancway is 
served by two cranes, 5- 
tons capjLcity each, sup* 
plied by ihe Whittng 
Foundrj- Equipment Com- 
pany, llarvey, Illinois. 

The extreme lift of ihe 
CPune-hook is about 75 
feet, the crane track being 
plac«tl 80 feel above Ihe 
railway track. This 75- 
foot lift ^ives opportunity 
for undcsirahir sway of 
crane loads suspended Ijy 
a single cable- To ovoid 
load swaying, two cable 
drntns are plueefl Nidc by 
side in each crane unit» as 
long as the frame work 

[jerniils, and e^ich rnljle drum or windlass is spiral-gmovc<I right- 
lianil at one end and left-hand at the otlier end; four lifting cables 
are used for each crane, the eahle emls being fixed to the out ends 
of the right-hand and left-hand windlass spiralf^. This gives the 
crane load a four-cable suspension, with cables most widely *ep* 




Stairway N«xt to tho Elevator Shaft 

Note thf ffLn^il li(f!i!injr.if |]|r uulrwiiy. Tlie nillinj; mfUl t'Ur- 
Uiiu uu all iliikrHiiy t\vjty vm- nnvW hy lUc Varii:ljr 




Women's Toilet and Rest Rooms, South Building 

Hick tirv. iii lite body lopa dcpATtrocnt ua ttc fourlh ffovr. One of the CbtUb fibodcd Brc cxUngiuifacB 

us iwcn ju thr forvi^'ruuivJ 
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at low'loaci po^^ition, and A]>i>rojLcliing each other as the load 
1!^ lifted, all so that sway of cmiie load l*e*x>ines imjiotk-^ihle. Tliis 
coiu'er^JTing four-cnl>le Ioa<l suspendon is a new feature in traveling 
crane construction, original with the Ford engineers^ and Is of great 
working vahie, as sway of iht* <Tan«* l<md woii]<l Ipail to marked incon- 
venience and dtJay of the crane service. See jjage 403, The craae« 
arc modem construction, electric of coar&o, having all gears encloscci. 




WjriK-n Wjrkers, Boiv-To^MakiafC Duportmttit 
11m fnurtti Hour nf toutli building, MAru^uicr Avtniir Aide 

all in most striking contrast to the meahanicaJly operated travehng 
crane:^ which were once regarded as such triumphs of factory-equipment 
engineering. 

ARTIFiriAL LlGHTlNQ 

The floors are lighted by about two Ihousund ceiling-placed reflectors 
and clusters, each clmjlcr made up of four OU-watt tungsten lampa, 
hnving indiviilinil .s^llchc^ coiici^-idtxl in the pillars, Chi!«ters supplied 
by the Wi'Mtcrn Ek»t*lric Company. 

Each cruncway will have fourteen 5,fl00 candle-power (gunrtz lamps, 
spncrd W fort apart, pl«<r<l in the r<»of peak, 76 feet abo\'e the ground, 
supplied hy the Cuoptr Hewitt Company, 
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Fire Protection 

Th<^s(^ ItnilclinufA Iiav^ lui jwirlitlon walls, l>eiiig everywliere oj>en 
aud wUlioul biding places. The concrete confitruction is non-inflamnm' 
bic so that tlic fire danger is from the contents, not from the containing 
i*triirlTirc. 

The stain-vays and elevators, »k already notedj have rolUnfc metal 
curtainst fusiUe-mctal retained in lifted positions, and automatically 




CrflQc witb Fcux-Cablc Load Suspension and South Croncway 

Kot* th« Htmr lighting of th*! Portti bujIJiDg, tVAikTi nrr frum ihf Whiiiog toaudry Equinmcat Ca* 

dmpped when surronnfling temperature melts the fiisilile metal retim- 
tion. 

The^ huildinjrs are equipped ^ith Cre-cxtingnishcrs siipplic<l by 
Cbild."!. of I'tica. New York, four hundred and aixty-lwo extinguisbera 
of 3-gallonH capacity being di»tributed throiijjb the Imildiiig^, while 
Beven of the Childs wheeled fire-extinguishera, 40-paIlons capacity each, 
are stationed at auitalde points on the floors. 

Thfse brief general sperifiral ions, ^^ketrhy and m*rager as space avail- 
able compelii them to be, will* ne\*ertlieless, when reacl m connection 
wilii the many iIhi:strations given, enable the reader to obtain a fair idea 
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Looking East along the South Crancway, Showier Craae vi<h Loid 

of Ihc-sc rcmarkaljlc new factory Ijufldiogs* which certainly appear to be 
tho very best tlmt can be done with a miiltifloorofl sinirtiin*, up lu the 
vi-iiLilutiuii, hrutiiig uiiil ojuliii^ rcquirvmcats, which are ao fully met 
that the vCDtilating system may deservcdiy he termed ideal. 

FoBD NEft' Building WoaK-Snop SurrABii-iTT 

Beyond all (|iie-Htion. the^new Ford-factory addition* gi\'c the work- 
men and workwomen therein housed i<lcal work-hour conditions* Tlie 
li^liting la, perlmps, the very hcM thai ran he obtftini-il from the huh'j* 
rnys in a multifluured building, floors (M) feet wideband the nif^ht lighting 
is inafle us good as can be by placim; of a Rreat number of electric 
lamp rluiitcrs, each clnstcr provided with an imlividii»l switch sn tJiat 
iig)ktinjj[ any one location nci-d not wa<ite current V>y turning on lamps 
where illumination h not needed. Li^ht is tlie first essential of low labor- 
cost factor}' production. How the last generation of factoi^' managers 
(previous to those of the pre^^nt hour) cwild Imve ever neeepl**<i the 
bat-and-mole twlli^ht^ of our first larfre American factory buildings 
is a question which no living person can answer, though piThnpa we of 
Uxlay should keep our mouths shut aliout machine-^liiiji lighting so 
long as we tolerate tlie present i>rHctice of overhead counlcr-sliaft 
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Above : Looking Southeast along the North Cran^wa/r Showing the Cranes Li Front. 

Below: The North Craneway, with Heavy Package Chute horn the Shipping 

Department (Second Floor of North Building) to Railway Track PUtfonn 
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placing and belt-driving o! machine tools — ^but that is another story. 
Certainly these new Ford shops are the best day-Iighted of any shop 
floors within my observations. The heating, cooling, and ventilation 
are the best so far made public; pure, cool drinking-water is close at 
hand everj'where in these new buildings, the floors are swept con- 
tinuously; the closets are sanitary and decent, and the stairways are 
well railed, eas^* rising, and have good fire-protection, double landings 
(or each flight, and are as safe as any stairway can be made. 

These conditions and provisions leave nothing but materials and 
work-in-progress handling and transportation to consider before these 
new buildings can be awarded first position among the multifloored 
factor;- structures of the whole worid. The craneways, the staggered 
landing stages, and the seven elevators were placed to make electricity 
do as much of the lifting (inseparable from the multifloored factory) 
as is possible, and the absolutely novel feature of the four converging 
crane-load lifting cables was originated by the Ford engineers to prevent 
completely all swaying of crane loads, and also to locate the crane wind- 
lass pull infallibly in a truly vertical line above the load, so that no 
lengthwise dragging of the crane load need ever occur, and in practice 
never does occur. The chain hook is brought exactly to the load center, 
and the load is lifted in a vertical line and with absolute steadiness which 
is not affected by horizontal crane travel. 

It IS very doubtful if successful and altogether satisfactory use of a 
70-foot travcling-crane-lift could have been had with free pendulum 
suspension of the crane load, while with the four-converging-cables 
load-suspension there is only the very short pendulum from the crane 
hook to the bottom of the load platform possible, so that load-sway con- 
sideration becomes negligible. 

These ^\^lIting Company cranes make a 70-foot lift in 35 seconds, and 
800 feet of horizontal travel in 95 seconds, and travel in bolji vertical 
and horizontal directions can be made simultaneously after the load is 
above the freight-car tops. 

Merchandise Purchasing and Receiving 

The Ford Company, when making 1,000 cars per day, purchases 
about $8,000,000 value of merchandise each month and receives and 
unloads about 100 railway freight cars daily, delivering merchandise 
from all points of the compass. Some of the shipments to the Ford Com- 
pany are made by water. The Highland Park plant is about. 6 miles 
norUi of Detroit city hall^ and about 9}i nulea north of the boat docks 



THE KKW anoFS 407 

and the railway freight houses. The Detroit belt-line railway bounds 
liie north side of the Highland Park realty, making this road the best 
line of city transit. 

The "Trap" Cars 

The Ford Company has five motor trucks of S-tons capacity, four 
supplied by the Kelly Springfield Motor Truck Company and one by 
Grabrowski, all of whidi are giving satisfactory service, three being in 
use all the time> There are also three Ford motor-car chassis "haulers" 
— regular Ford chassis, save that a large rear-axle gear housing is fitted 
to take a strongly geared low speed, in use at the Highland Park plant. 
These little "haulers" have an astonishing road adhesion, without 
the use of rear-axle load-boxes, so that one of them pulls a freight car 
with 20 or S5 tons load along the Belt line tracks or takes a train of 
loaded monorail wheeled platforms to any accessible point on the shops^ 
first fioors. 

To obtain omnibus transportation by Belt line, one 3-ton motor truck 
works downtown, taking Ford freight from the steamboat wharves 
and from other railway freight houses to the Michigan Central freight 
yards, where that road furnishes about three "trap" cars per day to 
the Ford Company, these trap cars being loaded with freight collected 
by motor truck from other transportation lines, and with the Ford 
city-purchased supplies, and sent to Highland Park via Belt line. 

Merchandise to be delivered to the north and south craneway located 
midway of the old shop floors is unloaded at the "Dock" at that crane- 
way north end. Foundry supplies are unloaded by a Shaw gantry 
crane working along the foundry north side, and by a flat-car crane 
working on the tracks east of the foundry. Supplies which go first to 
the smithy and the heat-treating buildings are unloaded on the platform 
of the first track south of those structures, and about thirty -five cars are 
unloaded daily from the new building craneway tracks. 

Sequence of Freight-Car Placing 
It is of course needful that incoming freight cars should be placed in 
proper sequence on the tracks where they are to be unloaded. The Ford 
Company owns no switch engine; hence the received-cars switching and 
sequence placing is done by the Belt line, in the night time mainly, 
according to instructions given to the Highland Park yard-master by a 
Ford official, who first inspects the lading of cars as received and then 
^ves written directions to the yard-master as to car placing for im- 
loadJng. 
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Body Elevator East End of SouUi Crunewuy, Showing Railwaj Track 

Dot>r Lifted 

The Irap cars arc always placcii \o enter crancways first, from the 
east, flo as to .staml for tmlo^idinj; at \\\e rraneways' west ends, Uolli the 
3-turi mitlor Inicks hiicI the Ford haul4^r>i can enter the ticw bLiildiri^i^* 
ground floors from Uie John It Street level, vVbout OO per cent of the 
lading' of the thirty-five cars daily unloaded in the cranewnys U delivered 
to various locations on llie new buildirig:^' twelve floor:*, the other tenth 
part I>eing placeil on the monorail wheeled plnlfonns, winch may be 
pulled, ^n^ly or made up in lraiiU4> by the Kurd haulers, which are so 
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smaW nnd Imndy tlml Ihcy con travel readily on the first floors of wUicr 
tlir oM or the new FonI hiijMinir^. 

Floor BitiDOES 

The new buildings extend 910 (cct eustward of tlie Jolin R Street easl 
line, The milwuy tracks enter the cmncways from the east end and 
exieiic) wc?*tvvard on a snnkrn Inick. to hring the ear floors level with the 
buildiDg first floor, fur u length of 830 feet^ to the buffers which stand 80 
feet Qtisi of the new hutldings' west end wuU, thus making each floor west 
end 80 feet east and weat by 200 feet north and south. Three elevators 
are placed along the south line of the north craneways and three along 
the sotith line of the south craneway. 

Bridges 20 feel wide connect the third, fourth, fifth and sixth north 
and south (loots at the mi(hll<* of Uie *TiinewKy len^'l h, while the c-a-stern 
ends of ttie fourth^ fifth and sixth floors are connected by bridges 10 
feet v^'ide, and on elevated bri<]gc, 6 feet wide* is placed at the east cn<)s 
of tlic Utird floors. 

This urrangeuient gives ubout ? miles length of floor flO leet wide, all 




Paiot -JSprayinfi Koom with Kxhaust-Ffin VentiJation 

Nulv tht ligliling of Uic Aith Hoot. Tbe vtev U along tbu Aiulh ndt vt Iho AoutL craucttay 
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this floor being paying-load surface, save the space taken by the elevator, 
stairway, and closet shafts. 

Rough Stores to Top, Finished Product at Bottom 

The practice of taking rough stores to the top of a multifloored fac- 
tory building and dropping finished components to the completed- 
product bottom-floor delivery is well known, though by no means com- 
monly adopted, and is unquestionably the best possible procedure, 
as any other scheme must of necessity involve detail routing of lines 
botli up and down. Hence, it is better to begin manufacture by trans- 
porting rough stores to the top floor, and routing the lines of descent 
so tliat components meet at convenient assembly points and the finished- 
product assembling ends at the shipping room> 

Present Use op New Building Floors 

These new buildings have been available for work use since about 
August 20, 1914, and are now devoted mainly to body painting and top 
making, body and top assembling on a moving-assembly line 360 feet 
long, and to finished-components storage close to the boxing and ship- 
ping department, which loads all finished components, or "repairs" 
shipments, on freight cars in the north craneway. 

It is not certain that the best arrangement for stock-received storing 
in the new building has yet been found, but the present department 
placing has effected a saving of about 200 men In merchandise-received 
handling. Tlie body wood-working machinery is now being installed on 
the north-building top floor, and lumber dry-kilns are nearing comple- 
tion east of the new building, where the craneway rail tracks (which are 
depressed inside the buildings) rise to the Belt line grade; this permits 
unloading of lumber directly into the dry kilns, and reloading it on 
freight cars after kiln drying, to go into the craneways to be lifted up to 
the top-floor body wood-shaping department. 

These new buildings are so vastly better in every way than the old 
plant buildings that they are regarded by Ford officials as wholly above 
criticism in any direction, and will certainly appreciably lessen the 
labpr cost of the yearly production of 300,000 cars^ which is the 
figure now set by Henry Ford, who has very decidedly advanced his 
ideas since, in the not so very old Piquette Street days, he said he 
would rest satisfied when he could turn out 20 Ford cars per d^, mz 
days in the week. 
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eiglit i>cnUhoiises, equally spaced on the rool of the new Ijuihlings- 
Each rotor has 61 blades and when driven at 218 turns will deliver 56,000 
cubic feet of air at about 154'inches water-colunin pressure. Hence, if 
some method of air-pipIng can be found which will jx^rmit the distribu- 
tion of air throughout the buildings without exceeding the air pressure 
specified, = 1?^ water-column inches, then, dividing 11,200.000 cubic 
feet of building enclosed .space by 448,000 cubic feet of air delivered per 
minute givers about 25 minutes as the time demanded for an entire 
change of all the air within tlie factory walls, if the air supply to the 
fans is taken wholly from the outside. 

Source of Aib-Scpplt 

Provisions arc made for supplying air to the fans wholly from the 
outside or wholly from the craneways^ or partly from each source. If 
air to the faus is takeu from outside of the building only, then tempera* 
ture modifications of the entire contained air volume must be made 
once in each 25 minutes; if the air to the fans is taken from the craneways 
only, then after the building interior is once warmed, only a com[jara- 
tively smaU additional heating need thereafter be imparted to the fan 
air-supply to keep the factory temperature at, say, 65 to 70 degrees F,, 
throughout the entire working day. 

Air takeu from above the roof would be almost perfectly pure, and it 
seems quite likely that labor efficiency would be so much increased by 
an ent ire change of air once in 25 minutes as to pay for the increased air- 
heating cost when the factory required Iieatiiig. Of course, during the 
warmer months, when the factory demanded cooling effect, the air would 
be tukcn from the outside, and would be delivered to the factory- nt 
'* wet-bulb" temperature, which is about 72 degrees F, for Detroit. 

'*C0NniTr0NING" THE AlR 

By the ventilating melhodR employed the fan supply of air is first 
drawn past an assemblage of vertical pipes supplied with water at pre- 
determined presjsuru, these pipes being fitted with u sufficient number of 
individual atomizers to maintain a hea\'j' mist in the air which pas^scs 
through the washing chamber. On the fan side of the washing chand)er 
the air first meets closely spaced vertical plates set hI a small aEigle to the 
direct line of air travel; these plates are constantly wet, and the inclina- 
tion forces the air against them ao that all dust particles contained by the 
passing air are certain to be collected on these many ■\'ertical platen, 
whicli do not, however, deprive the air of its surplus moisture. 
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To separate the air from its water carried in suspension, three sets of 
vertical metal plates, inclmed to the direct line of lur movement and 
hooked on their fan-ward vertical edges, are placed in the air-to-fan 
way; the first row is spaced much closer than \he second row of these 
vertical "eliminators" (see sectional plan of "conditioning" dements) 
and the second row is closer spaced than the third row, while angles and 
hooksides are changed in each row of water detrainers, all so that the air 
is freed from water in suspension before it meets the "Vento" heating 
stacks in its way to the fan. These Vento heating stacks are composed <A 
flat, hollow, gray-iron sections, each one carrying on its flat sides a great 
number of closely placed lozenge- 
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shaped hollow projections; these 

studded and hollow Sat sections 

are placed vertically, with their 

edges toward the air current, and 

are filled inside with hot water 

or steam to heat the air as it 

passes through the vast number 

of narrow and crooked passages „ , ., "T "^ - ,- ,. - ..^ , 
, . , .J t. ^1 Water Atomizer of the Air-Conoitioiuiic 

before it readies the fans. ii.ach System 

one of the eight Ford-buildings showing the flushing water piston and autonmtk 
vPTifilnlirKT iinil*! ha^ nin^ <it^~ "P""* relumioff the atomiMr to adjustment 

venuiatmg units nas nme sec- ^^^ ^^^ hydrant water is shut off 

tions deep of 72-inch Vento heat- 
ers piled two stacks high, and presents a total heating surface of 
10,250 square feet to the air passing to each fan. 

It is the intention to use hot water supplied from the water-jackets of 
the gas-engine sides of the new **Gasteam" power units which are ex- 
pected to drive the Ford shops in the near future, but for immediate use a 
battery of steam boilers is now being placed near the eastern end of these 
new buildings to supply heat until the "Gasteam" motors begin working. 

From the fans the thoroughly washed and cooled or heated air goes 
to the hollow columns, as previously specified, past individual dampers 
which regulate the volume of air delivered to each air release opening 
throughout the entire heating, cooling, and ventilating system of the 
buildings. The roof air-passages have brick-work walls with 4-inch air 
spaces between walls and the enclosed sheet-metal air passages, and 
are covered with cinders, tar and gravel, making these roof -ducts nearly 
non-conductors of heat. 

Each one of the eight fans is driven by a 40 horse-power electric 
motor, supplied by the Westinghouse Electric Company, but the actual 
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driving of each rotor at "218 turns requires only almut 28 horse-pofl 
The Sirocco fan is capable of delivering air at the pressure of a 40-ii 
water column if desired, so that the air pressure specified, equal to tj 
of a 13^-inrh water c^^lumn, Ls easy work on the machine- It will 
understood, of course> that greater pressures of delivered air require 
creased power, and increased stability of rotor construction. 

It will be obscr^'cd that the purity of the air depends entirely on i 
efficient action of the water atomizers fitted to the vertical water pij 
which are shown herewith in section- Dirt contained hi the wal 
collects, of course^ at the ver>' narrow annular opening where t 
water leaves the pipes and strikes the concave surface of the atomic 
head. This dirt ean be instantly dislodge<l by increasing the dischar 
annulus area- To flush all of the atomizers of one unit instantly and 
once, the atomizer-head stems are spring-pressed to close the annuh 
und srrew -adjusted to open the annulus to deliver water suitabl 
and each atoiuizirg head stem has a small diameter piston fixed to 
the piston being so seated in its cylinder that pressure on one side of t] 
piston will compress tlic stem spring and push the atomizer wii 
open. 

Tliese atomizer piston cylinders are piped to hydrant water-pre;isut 
all so that by simply turning on the hydrant water all the atomizers 1 
one unit arc flushed at one time, and as soon as the hydrant water is shi 
off, the atomizers are automatically spring-returned to their origin 
a<ljuslmenls. 

The hcAting efficiencj' of the A^ento stack is obviously high, since a 
the heat deli^'cred by the stack must be infallibly imparted to tl: 
pa^sslng air, as there is no other conductor by which it can be carrit 
out of Ihe system. 

Tlie entire water-washing system is placed over a water-tight pai 
the air-washing system requires the circulation of 270 gallons of wab 
per minute, at a pressure of 50 inches of water column. This wal< 
circulation is made automatically regulating by the water-pipic 
arrangementj and the water circulation is effected by a centrifugal pum 
driven by a ID horse-power electric motor. 

This ndmirable ventilating and air piiriFying and heathig and coolin 
system is illustrated by pictures prepared especially for this aceoun! 
which show it3 extreme simplicity and ease of control, the clever atou 
izcr-Hushing device, which makes the air-cleansing and the air-coolin 
cerlai[i, bt-iiig especially commendable, as a less ready and certai 
atomizer flushing and atxjmizer automatic retum to original adjusttner 
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might easily lead to wholly unsatisfactory operation of the entire air- 
purifying sj'stem. 

Taken as a whole, this combination of the air-couditioaing and circu- 
lating system with the hollow-column circulation of the air throughout 
the entire factory seems to leave nothing whatever to be desired in the 
way of perfectly satisfactory heating, cooling, and ventilating, and this 
perfection of factory air-supply cannot possibly fail to affect most favor- 
ably factory labor-efficiencyj both of officials and hand workers. 



Chapter X\T 
^AFEca'ARDINT; THE WORKAIEX 

FAMIIJAIIITY l.reciU ccnitcmpt." Xowhere is the trulli of 
tlii- mM jirMvcrK luurc eviileiit than in a manufacturing estab- 
li-hnR-nl; cwry man wlio has worked in a shop or factorj' 

kllnW- tills. 

EU'Ctriciiui- ar^- proverMally carole-s. All too frequently they work 
in cln-i- prnximity tn liii:li-ttMi>i<in current? witliout making use of their 
inMiIatiijii L'iuve^ or takiiii! pain> tn shield themseh-es from the deadly 
current. Railroad men eniwl in and out under cars and squeeze through 
ti^dit places, doin;^ tliinijs that to the lay mind would seem to court cer- 
tain <icath. 

Tlieevcnday repetition of workin<^ motions soon makes them more or 
less automatic, capable of perforuunKv without thought. Like the Irish 
man sittin*^' on a keg of powder smoking his pipe, there comes a time 
when a man iiels use<i to his work and pays httle attention to the 
dan<rer. 

TIh'ii, too. there is anc)llier clement which must be taken into con- 
sideration — the steady hum of llio lathe, the incessant tapping of the 
hammers, ihe dull thui] of the presses, the eiiek-claek of the shapers, the 
whirr of tlic <irills, th<* >(nianiutf and crcakini^ of the milling machines aad 
reamers; all tliesc tliin^^s conihinc, in a machine shop, to produce a 
drowsy hum that lias a tendency to dull the senses and induce a semi- 
hypnotic stale frijm wliich the worknian*s mind emerges only at inter- 
vals^only when a <iefinite action re(iuiring his close attention must be 
performe<h In the interim, his mind may wamler toanookin the woods, 
an old spot on the river, or possilily to a room where a dear one is suffer- 
ing' ahuK^^then, crash! Something happens. A workman is hurt; 
I)ossili!y killi-*!. The dreaded accident has come. Such things can hap- 
pen easily nxid do happen fre<iucntly In shops where the most modem 
safely ^Icviees have l>ecn installed, even where men are cautious and 
careful, w here machines are running perfectly, and surrounding condi- 
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tioiis arc 111 I'viTy wny wlial llicy kIioiiM l»e. Wifll. is Hie rvHsun, thon, 
that ncciilcnts happen? Cannot something be done to prevent them? 
The answer is ''yes/' an*l "no." 

Acriftt'Ti U may he. rlaxspil iimtpr two headings — lho?«e cuus<.*d by 
things external; those eauHed by things internuL To explain: Tho«e 
|.arising from the fir^t cause are more or less dtie to unprotected or im- 
properly protected inaehincrj", to architectural shortcomings resuUing 
in \iad itrraii^L^iiieiibv and iiisuniciciil It^ht. and to other unuece.ssary and 
avoidable reasonri that arise from a faulty' provision for the safety of the 
working forte in general. 

The uther class of accidents spring from <h^lil>eriLli- (iisobeilieiice of 
orders> rules or ix-gulaliunH, from unintentiumd or ciirck*ss mishaudling 
of tools or nmehineiit, or from the peculinr mental «taLe induced by the 
conditions mentioned in the preceding p^nigraphs. Thbt mental state 
may be influerK-ed by many ciiTiditiuiw, such as fatigue, lack 4if skrp. 
long working hours, the constant effort in a certain direction without 
sufficient resting period between operations, lack of understanding of 
the procTcsses involved, worrj', and a hundred other kindred eau?*es- 

iSf then, one is to maintain an atccidentless faetor>% the problem 
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Haa with Wliistlc Piecediog Crane 

resolves itself into how to control all these variou» itiflucnce^ anri rrdm 
llicir dfcct to a miuimuui. 

Protwlion tiguin.sl things rxtcmal is comparatively vsisy. TIk" ihii 
to he KUtirdtHl agnin^t are physical. As kiiowii qttuiililie^. ihcir form 
he studied and suitahle protective loeaiis dosi^'iRHl und in^tallo^r ' 
Ford fiirlory contjiins hundreds of such protective devices. MHiie uf 
must iukjKirlmit t>f which will he ilUi^tntletl and ilesenlK*d livre, 
intenial or menUl sido is not so easy to di»po,se of ; hundnnh* of vurialii] 
arc met with and must lie cUisslfied and handled. In the ca^c of ouc ni 
it may he donic?^li<' Imuhle: in aiioUuT it tnfty l>e liruinrinl >\€*rry; i 
thini it may Result frtmi iiwufRcneiit. e<Uicalion or a meagre utitlerslafiJ 
iiig of language and customs. The real causes, nhile falling under u Fen^ 
general heads, are really Icfrion — one for each pei^sonality and in(lividu:iil 
eunditiun. Active forces arc at wurk in the Fonl ■»r^ani/atii)ii meeting; 
these conditions and solving them as well as man can solve them. Re- 
markuhle progress is heing made aloug the^ lines. 

The prohlcm of successfully providing for the safety of workii 
forces is not uul^' most perplexing, but oiie offering little possibility 
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Above: A View Lookmg North Through the Main CranewEy, Showing the Careful 

Maimer in Which Stock is. Piled. Note Light and Cleanliness of Shop. Below: 

Genera] View Showing Close Machine Grouping 
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ever being entirely solved. A few accidents arc bound to happen in the 
best of regulated factories, but modern methods and the wide-spread 
"Safety First Movement" Imve done much to reduce their number and 
severity. Accidents ia the Ford shop are comparatively few and of a 
less serious nature than would be expected in a metal-working establish- 
ment of its enormous size and cnmplei character. 

Students of "Safety First" methods class the principal causes of 
accidents under these twelve headings: 

1, Defective structures 

2_ Defective machinery 

3- Insufficient room 

4- Absence of safeguards 

5. T_ ncleaiily conditions 

6. Insufficient light 
7- Lack of good air 

8. Unsuitable clothing 

9. Carelessness 
10- Ignorance 

11» Bad mental condition of workman 
IS, Lack of co-operation. 
Defective structures, defective machinery, insufficient room, uiii 

cleanly conditions, insufficient light, lack of good air, bad mental condi- 
tion of the workman, lock of co-operation, all these causes may be dis 
posed of hpeediiy; for thest? causes of accidents do not exist in the FonI 
pliint. T)jc fjictnry si nicl tires, nuichinery and geueml iirraugements are 
perfectly adapted to the work; everything is new and mo<iern, scrupu- 
lously clean and sunitur^'. All parts of the shop are flooded with light;* 
the air i.s clean ami the teniperiiture is kept at a proper point for efficient 
perfonnancv of w<irk- The manner in which all this has been pro^'ided 
for has been explained in the preceding chapters. 

The problem of placing suitable safeguards around the machinery, 
and in other ways providing against the carelessness and initial ignorance 
of wurkinen, has nut been described, and is, tlierefore, the subject of a 
greater part of Ihe following text. 

In several of the chapters of this book attention has been called to the 
unusually close grouping of the machinery, especially in the main 
machine shop. 

At first glance the lathes, milling machines, drill presses, with their 
accompanying belts, conveyers and work tables, appear to be so near to 
each other that there seems to be no room fnr uperaturs; but upon 
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ex»nimalion of the particular pWe in wIjr*Ii the workmau staiids, 
It will be found that there is ample room for bitii to move about cusily 
and without injury to himself. 

TliiH iTHen-sivc grouping, howi^ver, hasronipflle*! IheinstiilhtUoii ot a 
great many in^eniouH and well-worked out KAfegiinrds. On thw pa^e, 
for instance, can be clearly seen an iron fence partially sturounding a 
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Cast-Iroa Gates aiouiKi Belts 

line of drill presses, slitelding the workman wbo o|>eratcs the drill on 
the left from the drivini^: bells and pulleys of the mu(.-bina*i on Uie right, 

Fa^e 4*24 shows the typt^ o[ safeguards used for surrounding pieces 
of mech;uii»m a[>erating near the floor The vtititor will »ee many safe- 
guards of this type scattered about the machine shop. 

Kndle:^8 belt conveyers are difheult things lo protect. Page 435 
shcnws how Ihe emU ^\f. fenced in with a framed wire in^tliiig of subslau- 
tial character. Bridf^es are placed at intervals along the conveyer so 
that it can be crossed with safety. 
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Page 436 itlu^lnikT^ uiiuIIilt t^-jH- u( n'in--ui*Uiiig iiicloaiire iiseil U> 
cover tlic driving pulley of an ciucr^- whetO; uko note the shieU! partially 
surromuliiig tlie wheel iind the goggles worn by the workman to pre* 
vent N^'itig piee(*s uf inet^il from sinking lit* eyt^- 

Iti llie Ford system of machine grouping it is verj' often necessary 
to put uiL annealing furnace, a brazing furnace, a cyanide Imth, a baking 
oven, or aonie olhcr fonn ot heating or heat-treatnient unit, amongst the 
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other uiachina^. Natur:dly such a fumaw? requires ample protection to 
prevent the operator or other workmen fmm coming in contact with hoi 
metul or a nakeil (Iflime. In Mich itistantrrs substantial raiting^ are 
ereele<l f»r in.»n fences like those shown on page 457, 

Furthermore, the large nunil>cr of visitors who go through the Ford 
plant makes it necessary (or the aisles to be well defined^ and machines 
into which clothing might be drawn well fen<-ed ofT. The cast-iron 
gates shown in tJie upper picture on page 4^, the tubular railings Eihown 
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Belt Guard w Double Bod GrJ&4or 



m the lower view on the same pcij^e nnd in the ilhi^tralion on page 4SI, 
illustrate well how this is done. In pas^sin;; U 13 also intercstinj^ to 
note ho\v llie moiiorjiil aisles are laid out. kept open, well li{j[iUe^lT and 
kept clean, so that danger from this 50uree is reduced to a minimum. 

The end.** of shafts arc protected by wire ca^^es. sueh as arc plainly 
shown on paRfs 4^f) and WO. The hell guard, of course, in this rase i,s 
built inlL'gnd willi llic muchiiic, as modern designers n^-eogiiize the neevl 
for Hueh prutoeliun and incorporate it in their initial dei^ign* The lower 
cut on page 430 ahowa a Reed lathe with a bell and pulley guard of 
similar eon.slrurtion* 

In turning up part^ of large component-s like the crank case, there is 
danger thai the large projecting part will catch on tlic clothing of ibc 
operator and draw him in. For thin rea-son, ami aIho to keep the liquid 
from sjjUisliing out onio neighboring mac-hiiies a form of eylit]ilri<-3d 
shield like thai shown on page 4'M h used. This can be easily opened 
when it i» desired to take out ttie work, ami elosefl when the machioe b 
ia oi>oration. 

A Hiiiiilar lype of proteelive shield made of rriiiforeed win? guuz^ is 
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mcd to oover tumt)kr Wrrels and other revolving nmcliines. This is 
ilhistrated on page 432. 

The upper illuiitralioTi on page 433 shows the form of guard used 
on low fiwin*; kthes. 

The large revolving fly wheels on puneh presses and high speed cn- 
are covered in various ways. Page 433, lower picture, shows u forni 
elieot-raeta) protector placed around the large wheel, 
Tlie cut on page 434 illustrates how workmen are protected from 
high-speed engine fiy-whcels. On pa^e 43**1 is *)hown ;i raiting around the 
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Abo^: Cast-Iroa G&les around Belts. Below; R&Uiugg aigund Machines 

42S 



I 




fiAPEQUARDINQ THE W0TtK3k(Ky 



tlatform on one of the large drawing presses, abo Ihe way in which the 
faces of the lar^c goars are protected, 

Som?lJnie5 in the Mnallcr presses a wire snren Is placed in the cenior 
lo cover the -sjjokes and a metal hainl carried around the face of the 
wheel to pn)tect tlie teeth. On page 435 are shown two styles of safe- 
guards; tlic large wheel being protected in the manner just described, the 
ilriving \\\n^A by a semi-circular sheet mclal tixjugh to|^ether witli a 
tubular railing. 
■ Where it is necessary to carry a belt across an aisle Ik^Iwccd mo- 
Hrhine^, It form oi lifeguard nhown on page 436 is usfxl. In the nenrer 
Badevk' of Ihi^ sjune press, on the lower pari of the pa^e. ail! be set-n 
^^wrly the form of giite by which mch presses are protected; tliugate 
rises and falls with the pres*. 
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Above: Belt Guard Boilt InUpml with Machmei Showing Future CoouirucU^fu oi 
Many Types of New Machines. Below: Reed Lathe Bdt GoArd 
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Rulir*taiiiial guards have been built for otber large presses^ and a 
numl^er of small devices bwve been dfsigJieJ lo prevent a(.vi<lents on 
the smollrr presses where there U a letideucj' for the workman to stick 
his han^l between the dies at ou inopportune time for tlic purpose of 
inserting or taking out » :siuaU piece- Page 437 t^hows an automatie 
gate on a small prei;s, used for ben^ng the body hinge to shape. Such 




Above: Guard on L&the Used for Turning End of Crank Cast, Shown Closed. 

Below: Same, Shown Opca 
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dc\ices in a<ldition to assuring a reasonable degree oi proteotion, also 
arl. as mentiil reminders, cjUling atlenlimi \o Ihe sperific aelion, 
nK>meitt:iril}% at leant, acting as a wamitig signal. 

Such devices as thoae alrca<ly described, and also those which 
striking in their color* direction, and suddenness of operation. Iiave a 
pe^Miliar psychologiL'al eSV*rt ti|M)n the wcrkiJi»Ti urn! !n most irns^^ .serve 
as Hiillieient wnniing of danger, cilectually brt*akin)^ the tnonolt>ny which 
would otherwise result from a contiDuoud series of more or leas r^ru- 
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lar motions. Scattered throughout Uic shop arc numerous "danger**' 
^varnin^'9, notices, and card^, hearing the wordd. "To atop Uii^ machine 
pull plug." Tlie slarlin^ switrhen for the dr;n* pn'^oen are prutected I»y 
large red metal tags wliich mu>it he removed l>efore the switeli can he 
turned. Tins act Her\"es ns a mcnUil rcmimlcr to sec that ewrj-thing is 
clear hefore setting this powerful nmchinei^- in motion. 

Tlie wliislle ?>uuridod by the uian who precedes the cranea, the clang- 
ing bel in tlie monorail carm are cxamplei; of otiier protective measures 
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along the same line, employed iu the Ford factory, lo render Mic li\i» 
the tnea as safe a^ po>$sil)le. 

There ure, of course, aome plaecs in ihc Ford fae(or>' where ihe 
*nt of great (hinger is ever preseni. In the foundry" and he^f-lrej 
iDeul de]KLrt[U(.'Uls wl^erc luuUeu tuetal ami high lemperatiireH are foui 
on cvcr>' side, great preeautioas have been Liten to pre\'ent accident 
and bad bums. The funiace-* in the heat-treat department arc all pj 
vided with fire shields like that ^hown on page 437. Saw-ilu<it and saj 
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Wire Screen Over Fly-Wha*l Spokes 



boxes, with directions dcsi>tncd to inslruet the men in Ihe lirsi way 
preventing and puttinj^ oiit fires of varicHis kinds, are distributed 
thruugbotit all parts of tliese ^liop-s. (See page 439.) In the foundry 
plenty of room U allowc*! for pourinj:; the men are provided with long- 
handled ladles equipped with >*liicld4, and the work \?< done inkier a saw- 
tooth roof whieh, as shonn in the illui^tration oil page 43d, adint 
plenty of lij^ht and renders the conditions under whieh the workm 
must work as near ideal as possible. 
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Above : Rdiiui*: aroimd Platform on Big Drawing Picas 
Below: Press Fonnfng L«iiip Bracket 
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ElUs Craok-CAse Forming Press 

Llpper Mil Wire c:ugc, nvi^rhmil iru»ri|» %nA attloa*tif pile rpp<r ri«bt: GcQpnt ticw tboving pUl- 
fona an top «f prwat. Bvlow: N«^ i^c» of ^ulouatfC fftlc 
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Needless to sa>\ the Ford foun- 
dry is well pqiiijiprd Es regards tire 
protcelioii — hand grciuidi's, reels 
o( hose, sprinkler syskms, and a 
practically lire-proof fonn of con- 
iTeteuiidstrel construction, iiuUce 
the fire dunj^er a rather remote 
one* There are, however, places 
where a fire ronld ntart and at- 
tain considerable proportions if it 
were allowed to pet he>'oii'I con- 
trol Some vcr>' ingenious mctJi- 
uds of killing a fire under such 
circumstances are to he found in 
the fender baking s\'^tem. 

PainU anil enameling liquids, 
due to their composition, are, of 
course, extremely comhustible, 

and were a fire to start in one of these lai^e paint vats il would he 
ver>' ditlieiilt to g>iit uiit ns l(»ng as the fuel hisled. In one tank alone, 
that us^-d for ^iviii^ ihe fenders a second coal» aliout l,3t)0 >;al!on.s of 
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enamel are kept constantly on hand. Should this inflammable liquid 
suddenly take fire it would be \'ery hard to control were no provision 
made for emptying the vat. To point out how completely the Ford 
engineers have anticipated such a situation, I will explain what would 
hapi>en if a fire of this nature broke out. 

Each enameling tank throughout the factory is provided with a met^ 
c<jvcr which, in most cases, is hcki up by a rope or wire cable provided 
with a fuse that melts (juickly in the presence of a high temperature. In 
the case of the large tank, above mentioned, a cover cannot be used, so a 
fire door has been introchiced between it and the dripping chamber 
beyond. The main problem is, of course, to empty the tank as rapidly 
as possible. For this puri)ose a large tank has been placed underground, 
oulsi<ic the factory wall, connected to tlie overhead tank by a large pipe 
line of sufficient sixe to enable the entire contents to be withdrawn in 
three minutes. Tlic enameling tank is un the fourth floor and the valve 
in the pipe on the third floor; therefore it is not necessary for the worfc- 
man to approach tlie fin.* in onler to empty the tank. A system of 
steam jets, easily reache*!, makes the extinguishing of the fire, caused 
from the remaining enamel in the tank, a matter of only a few minutes. 
This one example is ^iven to show the thoroughness with which precau- 
tionary measures of all kinds are employed throughout the Ford 
faeU)ry. 

The foregoing descriptions have shown, meagerly, how the Ford man- 
agement is <levising unil installing every possible type of mechanical 
safeguard: trying to make ali parts of the huge plant safe against fool- 
hanliness. Of tlic twelve principal causes of accidents mentioned previ- 
ously, we iiave seen that llic only ones that may exist in the Ford plant 
are ignorance an<l unsuitable clothing. And of these, ignorance is the 
greater <langer. From the polyglot nature of the workmen, and, in 
some instances, the low degre** of mentalily required in certain work, 
unusual care must necessarily follow the Installation of new machineiy 
or the hiring of new men. This attention is given by the foremeD of 
each department. Danger signs of unniistakable character, easily read 
by the most ignorant, are everywhere in evi<lcnce and the specific dan* 
gers they prevent are pointe*! ont. Constant warning is given, until it 
would seem that no acei<lent by any remote chance could occur. 

Obviously the workman himself should guard against unsuitable 
clothing. He should need no caution against loose clothing, for instance, 
among wliirling shafts and speeding belts. A flowing tie» an open jacket, 
or torn sleeve, has been the cause of countless horrible accidents in mar- 
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Abo¥e: Saw-Dust aad Sand Boxes m HcJtt-TrtAl Dtpartauot 
Below: Pouitng In Foundry 
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chine shops from time imincmoriaL Shop tradition, it woiiid seem, 
shotdd long ago have stamped out thatdangen On the contrary-, um^uit-* 
able clulhing of one sort or another exists wherever a maehiue shop or 
foundry exists. The management can only hope to minimize the danger 
by devbhig safeguards for every exposed moving part. Unsuspected 
sources can only l>e guarded after troulile has developed, of course^ but 
tlie modern manufacturer leaves us little as possible to chauce< 
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